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 ﻰﻟﺎﻌﺗ ﻝﺎﻗ: ]   ﺮﺠﺸﻟا ﻦﻣو ًﺎﺗﻮﻴﺑ لﺎﺒﺠﻟا ﻦﻣ يﺬﺨﺗأ نأ ﻞﺤﻨﻟا ﻰﻟإ ﻚﺑر ﻰﺣوأو
  نﻮﺷﺮﻌﻳ ﺎﻤﻣو)68  ( ﻞﺒـѧﺳ ﻲﻜﻠـѧﺳﺄﻓ تاﺮѧﻤﺜﻟا ﻞѧآ ﻦѧﻣ ﻲﻠآ ﻢﺛ
 ءﺎﻔـѧﺷ ﻪѧﻴﻓ ﻪѧﻧاﻮﻟأ ﻒѧﻠﺘﺨﻣ باﺮـѧﺷ ﺎѧﻬﻧﻮﻄﺑ ﻦѧﻣ جﺮѧﺨﻳ ًﻼﻟذ ﻚﺑر
 نوﺮﻜﻔﺘﻳ مﻮﻘﻟ ﺔﻳﻷ ﻚﻟذ ﻲﻓ نإ سﺎﻨﻠﻟ)69({  
 
       ﺕﺎﻳﻵﺍ ﻞﺤﻨﻟﺍ ﺓﺭﻮﺳ) 68 - 69(  
 
In the name of Allah, the Beneficent, the Merciful “And they lord 
taught the bees to build its all in hills, on trees and in (man’s) 
habitation; then to eat of all produce of the earth, and find with skill the 
spacious paths of its lord: there issue from within their stomachs a 
drink of varying colors where in, is healing for man kind, verify in this 
is a sign for those who give thought”. 
  Glorious Quran  
  Sura 16 Bees (68 – 69) translated by Yousif (1934). 
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Abstract 
 Some Sudanese herbalists believed that the honey of Acacia 
nilotica and Balanites aegyptiaca can cure urinary tract, wound, burn and 
abscesses infections. The two honey samples have been tested in the 
present study to investigate their in vitro potential effect against the 
bacteria with urinary tract, wound, burn and abscesses infections. 
 A total of sixty samples were collected randomly in Omdurman 
city from patients of different ages and sexes with urinary tract, wound, 
burn and abscesses infections during the period January to August 2005. 
 The Gram-positive bacteria isolates were Staphylococcus aureus 
38.33%, Staphylococcus epidermidis 6.66%, Staphylococcus 
saprophyticus 1.66%. The Gram-negative bacteria isolates were 
Escherichia coli 23.33%, Pseudomonas aeruginosa 18.33%, Klebsiella 
pneumoniae 5%, Enterobacter clocae 3.33% and Proteus mirabilis 
3.33%. 
 The types strain bacteria tested for controlling tests were 
Staphylococcus aureus ATCC25932, Escherichia coli ATCC25922, 
Pseudomonas aeruginosa ATCC27873, Klebsiella pneumoniae 
ATCC35657 and Proteus mirabilis ATCC35659. 
 Antibiotics sensitivity tests were done for each isolates. The 
majority isolates were sensitive to Gentamicin 81.66% while 
Chloramphenicol 36.66%,Ampicillin 30% and Tetracycline 21.66% 
where shown less effective than Gentamicin. 
 The antimicrobial substances in Acacia nilotica and Balanites 
aegyptiaca honey were not estimated except for pH and the PH were 
estimated as 4.5 and 5.5 respectively. 
 Acacia nilotica and balanites aegyptiaca honey were tested for 
their antimicrobial activity by cup-plate techniques. Four different 
concentrations of the two honey samples were examined 8%, 16%, 32%, 
64%. The most effective concentration was 64% concentration as 100% 
of the isolates showed growth inhibition at this concentration while 
81.66% at 32% and 46.66% at 16% and 46.66% at 8% concentration of 
Acacia nilotica honey.  
 In the present study Acacia nilotica honey was found to be 
effective as inhibited 100% of isolates bacteria while Balanites 
aegyptiaca less effective as inhibited 70% of the isolates by 64% 
concentration. 
 The minimum inhibition concentration of Acacia nilotica honey 
against types strains and isolates of Staphylococcus aureus was 8% while 
against Escherichia coli, Pseudomonas aeruginosa, Klebsiella 
penumoniae, Proteus mirabilis and Enterobacter clocae was 32% by cup-
plate techniques. 
 Klebsiella pneumoniae and Pseudomonas aeruginosa types strains 
and isolates showed resistance to four concentrations of Balanites 
aegyptiaca honey used. 
 In this investigation Acacia nilotica honey is found to be more 
effective than Balanites aegyptiaca, Gentamicin, Chloramphenicol, 
Ampicillin and Tetracycline for treatment urinary tract, wound, burn, and 
abscesses infections in Omdurman city. 
 ﻤﻠﺨﺹ ﺍﻻﻁﺭﻭﺤﺔ
ﺎﺒﻴﻥ ﺍﻟﺴﻭﺩﺍﻨﻴﻴﻥ ﺍﻥ ﻋﺴل ﺍﻟﺴﻨﻁ ﻭﺍﻟﻬﺠﻠﻴﺞ ﻴﻌﺎﻟﺠﺎﻥ ﺍﻟﺘﻬﺎﺒﺎﺕ ﺍﻟﻤﺠـﺎﺭﻱ ﻴﻌﺘﻘﺩ ﺒﻌﺽ ﺍﻟﻌﺸ   
ﺍﺨﺘﺒﺭﺕ ﻋﻴﻨﺘﺎ ﺍﻟﻌﺴل ﻤﻌﻤﻠﻴﺎﹰ ﻓـﻲ ﺍﻟﺩﺭﺍﺴـﺔ ﺍﻟﺤﺎﻟﻴـﺔ . ﺍﻟﺒﻭﻟﻴﺔ ﻭﺍﻟﺠﺭﻭﺡ ﻭﺍﻟﺤﺭﻭﻕ ﻭﺍﻟﺨﺭﺍﺠﺎﺕ 
ﻟﻤﻌﺭﻓﺔ ﺘﺄﺜﻴﺭﻫﻤﺎ ﻋﻠﻰ ﺍﻟﺒﻜﺘﺭﻴﺎ ﺍﻟﻤﺘﻌﻠﻘﺔ ﺒﺎﻟﺘﻬﺎﺒـﺎﺕ ﺍﻟﻤﺠـﺎﺭﻱ ﺍﻟﺒﻭﻟﻴـﺔ ﻭﺍﻟﺠـﺭﻭﺡ ﻭﺍﻟﺤـﺭﻭﻕ 
  .ﻭﺍﻟﺨﺭﺍﺠﺎﺕ
ﻴﺎﹰ ﻤﻥ ﻭﻻﻴﺔ ﺍﻤﺩﺭﻤﺎﻥ ﻻﺸﺨﺎﺹ ﻤﺼﺎﺒﻴﻥ ﺒﺎﻟﺘﻬﺎﺒﺎﺕ ﺍﻟﻤﺠﺎﺭﻱ ﺠﻤﻌﺕ ﺴﺘﻭﻥ ﻋﻴﻨﺔ ﻋﺸﻭﺍﺌ   
ﺍﻟﺒﻭﻟﻴﺔ ﻭﺍﻟﺠﺭﻭﺡ ﻭﺍﻟﺤﺭﻭﻕ ﻭﺍﻟﺨﺭﺍﺠﺎﺕ ﻟﻤﺨﺘﻠﻑ ﺍﻻﻋﻤﺎﺭ ﻭﺍﻻﺠﻨﺎﺱ ﻓـﻲ ﺍﻟﻔﺘـﺭﺓ ﻤـﻥ ﻴﻨـﺎﻴﺭ 
ﻡ ﻭﺍﻟﺒﻜﺘﺭﻴﺎ ﺍﻟﺘﻲ ﻋﺯﻟﺕ ﺍﺸﺘﻤﻠﺕ ﻋﻠﻰ ﺒﻜﺘﺭﻴﺎ ﻤﻭﺠﺒﺔ ﻟﺼﺒﻐﺔ ﺠﺭﺍﻡ 5002ﻡ ﺇﻟﻰ ﺍﻏﺴﻁﺱ 5002
ﺍﻟﻤﻜـﻭﺭﺍﺕ : ﺠﺭﺍﻡ ﺍﻟﺘﻲ ﻋﺯﻟـﺕ ﻫـﻲ ﻭﺒﻜﺘﺭﻴﺎ ﺴﺎﻟﺒﺔ ﻟﺼﺒﻐﺔ ﺠﺭﺍﻡ ﻭﺍﻟﺒﻜﺘﺭﻴﺎ ﺍﻟﻤﻭﺠﺒﺔ ﻟﺼﺒﻐﺔ 
  :ﺍﻟﻌﻨﻘﻭﺩﻴﺔ ﻭﺘﺸﻤل
 %66.6 sidimredipe succocolyhpatS ,%33.83 suerua succocolyhpatS 
 .%66.1 sucityhporpas succocolyhpatS dna
  :ﺍﻤﺎ ﺍﻟﺒﻜﺘﺭﻴﺎ ﺍﻟﺴﺎﻟﺒﺔ ﻟﺼﺒﻐﺔ ﺠﺭﺍﻡ ﺘﺸﻤل
 ,%33.81 asonigurea sanomoduesP ,%33.32 iloc aihcirehcsE 
 suetorP dna %33.3 eacolc retcaboretnE ,%5 eainomuenp alleisbelK
 .%33.3 silibarim
  :ﺍﺨﺘﺒﺭﺕ ﺒﻜﺘﺭﻴﺎ ﻤﺭﺠﻌﻴﺔ ﺍﻟﺴﻼﻻﺕ ﻟﻠﺘﺤﻜﻡ ﻓﻲ ﺍﻻﺨﺘﺒﺎﺭﺍﺕ ﻭﻫﻲ ﺘﺸﻤل
 ,22952CTA iloc aihcirehcsE ,23952CCTA suerua succocolyhpatS 
 eainomuenp alleisbelK ,37872CCTA asonigurea sanomoduesP
 .95653CCTA silibarim suetorP dna 75653CCTA
ﻭﻋﻨﺩ ﺩﺭﺍﺴﺔ ﻓﺎﻋﻠﻴﺔ ﺍﻟﻤﻀﺎﺩﺍﺕ ﺍﻟﺤﻴﻭﻴﺔ ﻀﺩ ﺍﻻﻨﻭﺍﻉ ﺍﻟﺘﻲ ﻋﺯﻟﺕ ﻤﻥ ﺍﻻﻤﺭﺍﺽ ﻭﺠﺩ ﺍﻥ   
ﺒﻴﻨﻤﺎ ﺍﻗل ﺤﺴﺎﺴﻴﺔ ﻟﻠﻜﻠﻭﺭﻤﻔﻨﻜـﻭل % 66.18ﻜل ﺍﻻﻨﻭﺍﻋﻪ ﺍﻟﻤﻌﺯﻭﻟﺔ ﺤﺴﺎﺴﺔ ﻟﻌﻘﺎﺭ ﺍﻟﺠﻨﺘﺎﻤﺎﻴﺴﻴﻥ 
  %.66.12ﻭﺍﻟﺘﺘﺭﺍﺴﺎﻴﻜﻠﻴﻥ % 03ﻭﺍﻻﻤﺒﺴﻴﻠﻴﻥ % 66.63
 5.5 ﻭ 5.4ﻋﺴل ﺍﻟﺴﻨﻁ ﻭﺍﻟﻬﺠﻠﻴﺞ ﻭﻜﺎﻨﺕ ﻗﻴﻤﺘﻬﺎ ﻬﻴﺩﺭﻭﺠﻴﻨﻲ ﻟﻜل ﻤﻥ ﺍﺨﺘﺒﺎﺭ ﺍﻷﺱ ﺍﻟ ﺘﻡ   
  .ﻋﻠﻰ ﺍﻟﺘﺘﺎﻟﻲ
ﻓﻲ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ ﺘﻡ ﺍﺨﺘﺒﺎﺭ ﺍﻟﻨﺸﺎﻁ ﺍﻟﻤﻀﺎﺩ ﻟﻠﺒﻜﺘﻴﺭﻴﺎ ﺒﻁﺭﻴﻘﺔ ﺘﻘﻁﻴﻊ ﺁﺒﺎﺭ ﺍﻻﺠﺎﺭ ﻟﻜل ﻤﻥ   
ﻭﺠﺩ ﺍﻥ ﻋﺴل %. 46ﻭ% 23ﻭ% 61ﻭ% 8ﻋﺴل ﺍﻟﺴﻨﻁ ﻭﺍﻟﻬﺠﻠﻴﺞ ﺒﺄﺭﺒﻌﺔ ﺘﺭﺍﻜﻴﺯ ﻤﺨﺘﻠﻔﺔ ﻭﻫﻲ 
% 001ﻭﻫﻭ ﺍﻻﻜﺜﺭ ﻓﺎﻋﻠﻴﺔ ﺤﻴﺙ ﺜﺒﻁ ﻨﻤـﻭ % 46 ﻭﻜﺎﻥ ﺍﻟﺘﺭﻜﻴﺯ ﺍﻟﺴﻨﻁ ﺜﺒﻁ ﻨﻤﻭ ﻏﺎﻟﺒﻴﺔ ﺍﻟﺒﻜﺘﺭﻴﺎ 
ﺜﺒﻁﺕ % 8ﻭ% 61ﻤﻥ ﻨﻤﻭ ﺍﻟﺒﻜﺘﺭﻴﺎ ﻭﺍﻟﺘﺭﺍﻜﻴﺯ % 66.18ﺜﺒﻁ % 23ﻤﻥ ﺍﻟﺒﻜﺘﺭﻴﺎ ﺒﻴﻨﻤﺎ ﺍﻟﺘﺭﻜﻴﺯ 
  %.66.64ﻨﻤﻭ 
ﺜـﻡ % 46ﻓﻲ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ ﻭﺠﺩ ﺍﻥ ﻋﺴل ﺍﻟﺴﻨﻁ ﺍﻜﺜﺭ ﻓﻌﺎﻟﻴﺔ ﻜﻤﻀﺎﺩ ﻟﻠﺒﻜﺘﺭﻴﺎ ﺒﺘﺭﻜﻴـﺯ   
 ﻋﺴل ﺍﻟﻬﺠﻠﻴﺞ ﺍﻗل ﻓﻌﺎﻟﻴﺔ ﻜﻤﻀﺎﺩ ﺒﻜﺘﻴـﺭﻱ ﻟﺘﺜﺒﻴﻁـﻪ ﻤﻥ ﺍﻟﺒﻜﺘﺭﻴﺎ ﺍﻟﻤﻌﺯﻭﻟﺔ ﺒﻴﻨﻤﺎ % 001ﺘﺜﺒﻴﻁ 
  . ﻤﻥ ﺍﻟﺒﻜﺘﺭﻴﺎ ﺍﻟﻤﻌﺯﻭﻟﺔ% 07
ﺘﻡ ﺘﺤﺩﻴﺩ ﺍﻟﺤﺩ ﺍﻻﺩﻨﻰ ﻟﻠﺘﺜﺒﻴﻁ ﻟﻌﺴل ﺍﻟﺴﻨﻁ ﻟﻜل ﻤﻥ ﺍﻟﺒﻜﺘﺭﻴﺎ ﺍﻟﻤﻌﺯﻭﻟﺔ ﻭﺍﻟﻤﺭﺠﻌﻴﺔ ﻓﻜﺎﻨﺕ   
  :ﻨﺘﺎﺌﺞ ﺍﻟﺤﺩ ﺍﻻﺩﻨﻰ ﻟﻠﺘﺜﺒﻴﻁ ﻋﻠﻰ ﺍﻟﻨﺤﻭ ﺍﻟﺘﺎﻟﻲ ﻟﻠﺒﻜﺘﺭﻴﺎ ﺍﻟﻤﻭﺠﺒﺔ ﻟﺼﺒﻐﺔ ﺠﺭﺍﻡ
 %8 saw suerua succocolyhpatS
  :ﻴﻨﻤﺎ ﺍﻟﺒﻜﺘﺭﻴﺎ ﺍﻟﺴﺎﻟﺒﺔ ﻟﺼﺒﻐﺔ ﺠﺭﺍﻡ ﻜﺎﻨﺕ ﻋﻠﻰ ﺍﻟﻨﺤﻭ ﺍﻟﺘﺎﻟﻲﺒ
 alleisbelK ,asonigurea sanomoduesP ,iloc aihcirehcsE 
 .%23 saw eacolc retcaboretnE dna silibarim suetorP ,eainomuenp
 sanomoduesPﻭ eainomuenp alleisbelKﺍﻭﻀـﺤﺕ ﺍﻟﺩﺭﺍﺴـﺔ ﺍﻥ ﺍﻟﺒﻜﺘﺭﻴـﺎ   
  .ﻟﻌﺴل ﺍﻟﻬﺠﻠﻴﺞ ﺒﺘﺭﺍﻜﻴﺯﻩ ﺍﻻﺭﺒﻌﺔ ﺍﻟﻤﺴﺘﺨﺩﻤﺔﻏﻴﺭ ﺤﺴﺎﺴﺔ  asonigurea
ﻓﻲ ﻫﺫﺍ ﺍﻟﺒﺤﺙ ﻭﺠﺩ ﺍﻥ ﻋﺴل ﺍﻟﺴﻨﻁ ﺍﻜﺜﺭ ﻓﻌﺎﻟﻴﺔ ﻤﻥ ﻋﺴل ﺍﻟﻬﺠﻠﻴﺞ ﻭﺍﻟﻤﻀﺎﺩﺍﺕ ﺍﻟﺤﻴﻭﻴﺔ   
ﺍﻟﺠﻨﺘﺎﻤﻴﺴﻴﻥ ﻭﺍﻟﻜﻠﻭﺭﻤﻔﻨﻴﻜﻭل ﻭﺍﻻﻤﺒﻴﺴﻴﻠﻴﻥ ﻭﺍﻟﺘﺘﺭﺍﺴﻴﻜﻠﻴﻥ ﻓﻲ ﻋﻼﺝ ﺍﻟﺘﻬﺎﺏ ﺍﻟﻤﺠـﺎﺭﻱ ﺍﻟﺒﻭﻟﻴـﺔ 
  .ﺃﻡ ﺩﺭﻤﺎﻥﻤﺩﻴﻨﺔ ﻭﺍﻟﺠﺭﻭﺡ ﻭﺍﻟﺤﺭﻭﻑ ﻭﺍﻟﺨﺭﺍﺠﺎﺕ ﻓﻲ 
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INTRODUCTION 
 
 In developing countries all over the world especially in Africa, 
large number of people die daily of preventable and curable 
diseases because of lack of even simple health care (Sofowora, 
1987). Despite of enormous advance in health care made during 
the last half 20th century, infectious diseases still account for 25% 
of mortality worldwide and 45% in low-income countries. Anti-
infective drugs are critically important in reducing the global burden 
of infectious diseases. However, as resistant microbes develop 
and spread, the effectiveness of the drugs is diminished 
(WHO,1999). This type of resistance to antimicrobial agent is an 
increasing problem in many area of the world especially in 
developing countries (Shears,2000; Assefa et al., 1997). 
 The use of traditional medicine to treat infection has been 
practiced since the origin of mankind (Sofowora,1987), and in past 
it was the only technique available. Currently, due to the absence 
of sufficient modern health care system, particularly in rural areas, 
people prefer to visit traditional healers and herbal medicines 
(Andrew, 1982 ; Abebe, 1996). The integration of traditional and 
experts modern medicine is gaining increased recognition globally 
(Abebe,1996; WHO, 2000). Honey produced by honeybees (Apis 
mellifera) is one of the oldest traditional medicines considered to 
be important in the treatment of respiratory on ailment, 
gastrointestinal and various other diseases. It is being used 
effectively as a dressing for wounds (including surgical wounds), 
burn and skin ulcers to reduce pain and odor quickly. Recently 
many researchers have reported the antibacterial activity of  honey 
against Staph. aureus, P. aeruginosa, E. coli, P. mirabilis, S. 
pyogenes, S. flexneri and S. typhi (Molan, 1992; Nzeako et al., 
2000; Kingsley, 2001). 
 It has been documented that honey has bacteriostatic and 
bactericidal effect against various species of both gram positive 
and gram negative bacteria, as well as an anti-fungal effect (Molan 
et al., 2000). 
 The ability of honey to kill micro-organisms has been 
attributed to its high osmotic effect, high acidic nature (pH being 
3.2-4.5), hydrogen peroxide concentration and its phytochemical 
nature, i.e its content of tetracycline derivative, peroxides, 
amylase, fatty acid, phenols, ascorbic acid, flavonides,  
streptomycin, sulfathiazole, terpenes, benzylalcohol, and benzoic 
acids (Molan, 1992 ; Bogdanov, 1984 ; Heerng, 1998). 
 However, the production and type of honey produced by  
honeybees is dependent on the natural vegetative flowers 
blooming in different seasons. Thus the flowers from which bees 
gathered nectar to produce the honey may contribute to the 
difference in the antimicrobial activities of honey (National Health 
Board, 1994). 
 The purpose of the present study are :  
- To evaluate the in vitro antimicrobial potential effect of honey 
produced by . honeybees (Apis mellifera) from A.nilotica and 
B.aegytiaca against  bacterial isolates associated with wound, 
burn, urinary tract infections and abscess in humans. .  
- To compare the antimicrobial activity of these two types of  
honeybees  with antibiotic commonly used for  treatment of 
wounds ,burn ,urinary tract infections and abscesses. 
CHAPTER ONE 
                           LITERATURE REVIEW 
 
1.1 Production and composition of honey 
 Honey is prepared by bees from plant nectars, from plant 
secretions and from excretions of plant sucking insects (honey 
dew). The food types code defines it as “the nectar and saccharine 
exudations of plant gathered, modified and stored by the 
honeybee”. .The definition of purified honey as being obtained by 
purification of the honey from the comb of the bee, Apis mellifera, 
and other species of Apis .Most commercial honey is produced by 
the species, Apis mellifera. However some work, has been done 
with other species of bees. An interesting study was made 
comparison between physicochemical properties and anti bacterial 
activity of honey produced by Africanized honeybees (Apis 
mellifera) and Mellipenoninae  in Brazil by Cortopassi et al., 
(1991).For both types of honey at concentration of 5-25%,Bacillus 
stearothermophilus was found to be the most susceptible and 
E.coli the least susceptible of the seven bacterial isolates tested 
(the other five being ,B. subtilis , B.subtilis caron , Staphyloccous 
species, Klebsiella pneumoniae and Pseudomonas aeruginosa). 
 The precise composition of honey varies according to the 
plant species on which the bee forages, but the main constituents 
are the same in all honeys moisture 17.2% and fructose 38.19% 
and glucose 31.28% and sucrose 1.31% disaccharides, calculated 
as maltose 7.31% and higher sugars 1.5% free acid as gluconic 
0.43% and lactine as gluconelactone 0.14% total acid as gluconic 
0.57% and ash 0.169% and nitrogen 0.041% (White et al., 1962). 
 More than 95% of the solids in honey are carbohydrate, and 
sensitive analytical  separation techniques have  revealed honey to 
be a highly complex mixture of sugars, most of which are in the 
immediately digestible form in the small intestine. In addition to 
those named above, the following have been identified as 
constituents of honey: isomaltose, nigerose, turanose and 
maltulose (White et al., 1959). 
 It have also been identified as constituent of honey, alpha 
beta trehalose, gentiobiose, laminaribiose, Kojibiose (Watanabe          
et al.,1960). Maltotriose,  1-kebtose, panose, isomaltosyl glucose, 
erlose, isomalto syltriose, theanderose, centose, isopanose 
isomultosyl tetraose, isopanose, isomaltosyl tetraose, 
isomaltosylpentaose (Siddigu et al., 1967). Many of these sugar 
are not found in the nectar but are formed during the rippening and 
storage effects of bee  enzyme and the acids of honey 
(Siddiqu,1968). 
 The predominant acid found in honey is gluconic acid. Its 
presence in all honey originates largely from the activity of glucose 
oxidase which the bees add at rippening (White et al., 1963) and to 
a lesser extent from bacterial action which occurs (Ruiz-Argueso   
et al.,1973). The pH of honey ranges from 3.2 – 4.5. The minerals 
and vitamins content of honey  is very low, 0.02% of its weight and 
given the low consumption of honey they have no significant 
nutritional benefit to man.  Honey also contains a number of amino 
acid, proline, phenylalanine and aspartic acid being those with 
concentration of greater than 200 ppm (Bosi et al., 1978). 
 The main enzymes found in honey which are derived from 
the hypopharyngeal glands of worker honeybees, are invertase 
(which inverts sucrose to glucose and fructose); glucose oxidase 
(which oxidize glucose to gluconic acid and hydrogen peroxide in 
the presence of water); and amylase (diastase), which break down 
starch. The enzymes in honey  which originate from plants are 
catalase (a regulator of glucose oxidize activity); acid 
phosphatase; and small proportion of amylase (White,1975; White 
et al., 1978).  
 The nature of these chemicals and the mechanisms of their 
action are not fully understood even though thin layer 
chromatography (T/C), polyacrylamide gel electrophoresis (PAGE) 
or high performance liquid chromatography (HPLC) have shown 
that honey contains seven tetracycline derivatives, fatty acids, 
lipids, ascorbic acid (Rahmanian et al., 1970 ;  Kapoulas et al., 
1977 ; Bergman et al., 1983). 
 
 
 
 
 
 
 
 
 
1.2 Anti-microbial properties of honey 
 The numerous reports of investigations which have established the nature of the 
antimicrobial honey are cited in a comprehensive review of this subject. A brief summary of 
established is given here. 
1.2.1 Explanation of antibacterial activity 
1.2.1.1 Osmotic effect 
 Honey is saturated or super-saturated solution of sugar, 84% being mixture of 
fructose. The water content is usually only 15.21% by weight. The strong interaction of these 
sugar water molecules leaves very few of the water molecules available for micro-organisms. 
This is what is measured as the water activity (aw): mean values for honey have been 
reported from, 0.562 to 0.620. Although some yeasts can live in honeys that have a high 
water content, causing spoilage of honey, the a.w. of ripened honey which below 17.1% is too 
low to support the growth of any bacteria, occurring in the water content. Many species of 
bacteria have their growth completely inhibited if the a.w is in the range 0.94 – 0.99. These 
values correspond to solutions of a typical honey (a.w of 0,6 undiluted) of concentrations from 
12% down to 2% (v/v). On other hand, so many micro-organism have their maximum rate of 
growth when the a.w is 0.99, so inhibition by the osmotic effect (water- withdrawing) so the 
effect of diluted solutions of honey obviously depends on the species of bacteria (Molan, 
1992). 
 
1.2.1.2 Acidity 
 Honey is characteristically quite acidic and its pH being between 3.3 and 4.5, which is 
low inhibitory to many animal pathogens. The optimum pH for growth of these species 
normally 7.2 and 7.4. The minimum pH values for growth of some common wound – infecting 
species is :  Escherichia coli, 4.3; Salmonella spp., 4.0; Pseudomonas aeruginosa, 4.4; 
Streptococcus pyogenes 4.5. Thus in undiluted honey the acidity is significant antibacterial 
factor. But if honey is diluted by the body fluids which are well buffered, the pH will not be so 
low and the acidity of honey will not be  effective inhibitor of many species of bacteria (Molan, 
1992). 
1.2.1.3 Hydrogen peroxide 
 The major antibacterial activity in honey has been found to be due to hydrogen 
peroxide produced enzymically in the honey. The glucose oxidase enzyme is secreted from 
the hypo-pharyngeal gland of  bee into the nectar to assist in the formation of honey from the 
nectar (Molan,1992). 
 The hydrogen peroxide and acidity produced by the reaction: 
Glucose +  H2O + O2           gluconic acid + H2O2 ;which 
serve to preserve the honey. The hydrogen peroxide produced would be of effect as   only 
during the ripening of honey. Full-strength honey has a negligible level of hydrogen peroxide 
because this substance is short-lived in the presence of the transition metal ions and ascorbic 
acid in honey which catalyze its decomposition to oxygen and water. The enzyme has been 
found to be practically inactive in full strength honey, it giving rise to hydrogen peroxide only 
when honey is diluted. This is because the acidity produced in the action of the enzyme drops 
the pH to a point which is too low for the enzyme to work any more. On dilution of honey the 
activity increases by a factor of (2.500 – 50.000), thus giving a “slow-release” antiseptic at a 
level which is antibacterial but not tissue damaging (Adock, 1962 ; White et al., 1963 and 
Cohen et al.,1962). 
1.2.1.4 Phytochemical factors 
 The evidence for the existence of other antibacterial factors is mainly that, the 
peroxide system does not account for all of the observed antibacterial activity, but there have 
reports of isolation of antibacterial substance from honey that are not hydrogen peroxide, it 
has been found that heating honey, which inactivates the glucose oxidase, causes loss of 
activity against some species whilst it is retained against others. Although the stability of the  
enzyme varies in a different honeys, there have been reports of honeys with stability well 
excess of this variation showing, that there must be on additional antibacterial factor involved. 
The most direct evidence for the existence of non-peroxide antibacterial factors in honey is 
seen in the reports of activity persisting in honey treated with catalase to remove the 
hydrogen peroxide activity. Several chemicals with antibacterial activity  have  been identified 
in honey by various researcher :pinocembin, terpenes, benzyl alcohol, hydroxy benzoic acid 
(syringic acid), methyl 3,5-dimethoxy-4- hydroxybenzoate 3-4-methyl trimethoxy benzoic acid, 
2-hydroxy-3-phenylpropionic acid and 14-dihydroxy benzene. However, the quantities of 
these present were far too low to significant amount of activity ( Molan, 1992). 
 A fast and sensitive automated chemical technique for the determination of 
tetracycline's and sulphonamides in honey is described. The technique is based on dialysis 
with on-line trace enrichment using HPLC (Rahmanian et al., 1970).  
                 
1.2.1.5 Effect of honey on antibody production against thymus-dependent and 
thymus independent antigens in primary and secondary immune responses 
 In experiment  to study the effect of natural pure honey on the antibody production 
against thymus-dependent antigen (sheep red blood cells (SRBCS) and thymus-independent 
antigen (Escherichia coli) in mice, It was found that oral honey stimulates antibody production 
during primary and secondary responses against thymus-dependent and thymus-independent 
antigens (Noori, 2004). 
1.2.1.6 Identification of nitric oxide metabolites in various honeys effects of 
intravenous honey on plasma and urinary nitric oxide metabolites 
concentrations 
 Honey has antibacterial activity, promotes healing, and enhances immunity. Its 
acidity, osmotic effects of its high content of sugar, and hydrogen peroxide are assumed to be 
responsible for its effects. In a study, various honeys were investigated for the presence of 
nitrite/nitrate, the stable nitric oxide (NO) metabolites, and the effects of intravenous infusion 
of honey on urinary and plasma NO end products were studied in healthy sheep. Seven kinds 
of honey, different in their origin (three from Yemen, two from the United Arab Emirates, one 
from Germany, and one from India), color, and duration of storage, were investigated for the 
presence of NO metabolites. The assessment of NO metabolites was performed before and 
after exposure of the honey samples to heating (80oC for 1 hour) or ultraviolet light (for 24 
hours)(Noori,2003).  
         It was concluded that darker or fresh honeys contained more NO metabolites than light 
or stored honey. After heating, NO metabolites decreased in all the kinds of honey. After 
ultraviolet exposure, NO metabolites were decreased in four kinds of honey, increased in one 
kind, and unchanged in two kinds. The darker stored honey had more resistance to heating 
and ultraviolet exposure. Intravenous infusion of honey elevated urinary NO metabolites from 
8.4±7.4 mol/L to 14.9±10.0 mol/L during the first 60-90 minutes after infusion and to 
35.2±34.0 mol/L during the next 150-180 minutes. Plasma NO metabolites were increased 
during 1, 2, and 3 hours after infusion by 3%, 3.6% and 17%, respectively. No side effects 
were reported with the use of intravenous honey(Noori, 2003). It might be concluded that 
honey contains various concentrations of NO metabolites. Its intravenous infusion increased 
plasma and urinary NO metabolites. It is assumed that NO might be responsible, in part, for 
the biological and therapeutic effects of honey  (Noori, 2003). 
 
 
 
 
1.2.1.7 Honey  bees prevent attachment to the target tissue 
 Mousa (2002) discovered that the addition of diluted honey to the urinary bladder 
tissue prevents the attachment of pathogenic         E. coli to that tissue. This bacterial species 
is common cause of the urinary tract infection. Bacterial attachment to the target tissue is the 
first step in the infection process and if prevented then the infection will not happen. 
Furthermore noticing that the peristaltic movement of urinary bladder ring was diminished 
when incubated with dead E. coli, while in the presence of honey, the contractility was 
maintained and the bladder tissue was fully responsive to external stimuli. 
1.2.2 In vitro study of antimicrobial activity of bee honey 
 The reasons for the antibacterial activity of honey are controversial. In vitro 
bactericidal effects of honey were first reported by Dold et al., (1937), who were first to 
associated the inhibitory effects of honey to a constituent ingredient called “inhibine” which is 
thermo labile and light sensitive. These finding were confirmed the following year by Prica 
(1938), who found that natural honey from different sources and mixed samples of  honeys 
well as diluted honey has pronounced bactericidal action on both gram-positive and gram-
negative. The bactericidal agents was filterable, thermo labile, susceptible to high acidity and 
almost unaffected by diffuse day-light. 
 Inhibitory effects of honey were reported against Salmonella (Bahr, 1939) and in vitro 
growth of tubercle bacillus (Lennartz, 1944; Pathmann, 1950). Smith, (1962) demonstrated 
the activity of  honey against Micrococcus flavus, Sarcina lutea, Bacillus cereus and  Bacillus 
subtilis, Ismaiel (1975), found that the most sensitive organism to honey was Bacillus subitilis, 
followed by Escherichia coli and Staphylococcus aureus, and that the antibacterial activity of 
honey was increased with dilutions. In subsequent investigations, Khristov et al. (1961), and 
Linder (1962), showed that natural unheated honeys of various origin were effective against 
both gram-positive and gram-negative bacteria. 
  Adock (1962) first suggested the possibility that hydrogen peroxide was 
responsible for the antibacterial activity of honey since both the antibacterial activity and 
hydrogen peroxide were destroyed by light. 
 Ibrahim (1981), compared the antibacterial action of honey in different dilutions with 
the antibacterial effect of commonly used antibiotics on nine types of pathogenic organisms, 
isolated from urine samples of 149 patients with urinary tract infections. He found that 30-50% 
dilution of honey was superior to all tested antibiotics including Gentamicin.  
 Wadi (1986) tested In vitro fifteen samples of bee honey from different localities in 
Sudan, against the five type bacterial strains viz: Bacillus subtilis, Staphylococcus aureus  , 
E.coli, Klebsiella aerogenes, Pseudomonas aeruginosa. All honey samples exerted inhibitory 
effects on the tested micro-organisms under study. 
 The antibacterial effect of a number of Sudanese honeys was also studied by Farouk 
et al. (1988) and compared to that of five antibiotics Ampicillin, Cephradine, Chloramphenicol, 
Gentamcin and Oxytetracycline – Undiluted honey (0.2 ml) was tested against the pathogens 
Bacillus subtilis, S. aureus, E. coli, Klebsiella aerogenes  and Pseudomonas aeruginosa. All 
honeys tested were inhibitory against all these bacteria but Gentamicin was the only antibiotic 
effective against P. aeruginosa. The other antibiotics were more effective at inhibiting 
bacterial growth than were the honeys, measured in terms of the zone of inhibition on agar 
plates. For example, antibiotics had a zone of inhibition against B. subtilis of 16.8-26.50 mm 
compared to a range of 14.7-19 mm of honeys. 
 Allen et al. (1991) conducted a major study of the antibacterial activity of New 
Zealand honeys, categorized according to their floral source. The mean antibacterial activity 
of undiluted honey was found to be equivalent to a 14% solution of phenol in water. There 
was a tremendous range of activities observed, however, depending on the floral source. 
Some honeys had no detectable antibacterial activity, while others had activities up to the 
equivalent of 42% phenol. For most honeys tested, destruction of peroxide – generating 
ability by the use of catalase was associated with less antibacterial activity. Honey derived 
from Manuka( leptospermum scoparium )and (Vipors bugloss )(Echium vulgare) were the only 
honeys tested that retained significant inhibition  activity . 
Ali et al. (1991) also studied in vitro inhibition of Helicobacter. pylori growth in the 
presence of honey of unstated origin. They found that a honey concentration of 20% was 
sufficient to inhibit growth of a range of clinical isolates . 
 Further in vitro research on Manuka  honey by the same group of NZ workers (Willix 
et al., 1992) highlighted the pathogen – specific effects of different types of honey. Different 
concentrations of honeys were incubated aerobically with range of pathogens to determine 
the minimum concentration required for 100% growth inhibition over an 8 hour period at 37oC. 
For some pathogens (e.g S. aureus, E. coli), Manuka honey was considerably more effective 
at inhibiting growth than other honeys. Complete inhibition of growth of S. aureus was 
achieved at Manuka honey concentration of 1.8% v/v compared to 4.9% for other honeys 
.The apposite finding was observed for complete inhibition of Proteus mirabilis, where a 
concentration of 7.3% v/v Manuka honey was required, compared to 3.3% for other honeys. 
Despite the differences observed with different pathogens and honey types, the study 
demonstrated that a range of honeys have bacteriostatic effects at concentrations likely to be 
achieved when honey is applied topically to wounds. 
 The same group of researchers has also studied the inhibitory action, in vitro, of 
Manuka  honey against Helicobacter pylori, the bacterium believed causative agent of human 
gastric ulcers, Somal et al. (1994) , found that growth of range isolates of H. pylori was 
inhibited by a 5% v/v concentration of Manuka honey. Enteropathogens common in Nigeria 
were tested for   in vitro sensitivity to honey in research by Obi et al. (1994), filter paper disks 
impregnated with honey of varying concentrations were placed on agar plates innoculated 
with clinically – isolated strains of a range of pathogens including Salmonella typhi, Vibrio 
cholerae and  Yersinia enterocolitica. Honey concentrations of 40% and above reduced the 
bacterial growth. Concentrations 30% and lower didn’t inhibit pathogen growth. 
 Molan et al. (1998) showed that minimum inhibitory concentration of honey for some 
Methicillin Resistance (MRs) strains were about 1.2% and the minimum bactericidal 
concentrations from 2-4% and noticed MR96808 is resistant to Methicillin, Mupirocin, 
Erythromycin, Clindamycin, Gentamcin, Trimethoprim / sulphamethoxazole, and Ciprofloxcin. 
 Cooper et al. (1999) reported the minimum inhibitory concentration of honey for 20 
strains of Pseudomonas  isolated, from infected wounds was 5.5%-8.7% (v/v) for Manuka 
honey and 5.8%-9% (v/v) for pasture honey. 
 Cooper et al. (1999) noted that the minimum inhibitory concentration of honey for 58 
strains of coagulase-positive Staphylococcus aureus isolated from infected wounds was 2%-
3% (v/v) for Manuka honey and 3%-4% (v/v) for pasture honey. Thus growth of S. aureus 
would still be prevented if honeys were diluted by body fluids 7-14 fold beyond the point 
where the sugar content was in effective. 
 Nzeako et al. (2000) proved the antimicrobial activity of six honey samples which had 
different levels of antimicrobial activities with the type organisms and with the laboratory 
isolates .Black Forest honey showed the highest activity followed respectively by Turkish, 
orange flower, forest honey and summer flower. The antimicrobial activities of the samples 
were stable after storing at 2-8oC for six months and after boiling for 15 minutes. 
 Andargarchew et al. (2004) the purpose of their study were to evaluate scientifically 
the In vitro antimicrobial potential (bacteriostatic and bactericidal effect) of honey produced by  
honeybees (Apis mellifera) against eight bacterial species among those commonly involved in 
causing gastroenteritis, pneumonia, wound and urinary tract infections in humans. They found 
the minimum inhibitory concentration of honey for 90% of test organism was 6.25% (v/v). The 
minimum bactericidal concentration of honey for 70% of the test organisms was again 6.25% 
(v/v). The minimum bactericidal concentration of honey for S. shiga (type test) organism and 
P. aeruginosa (both clinical isolates and control strain) was 7.5% (v/v). 
 Noori (2004) examined the antimicrobial activities of 10-100% (wt/vol) concentrations 
of new honey, stored honey, heated honey, ultra violet – exposed honey, and heated stored   
honey and were tested against common human pathogens, including Escherichia coli, 
Enterobacter cloacae, Pseudomonas aeruginosa, Shigella dysenteriae, Klebsiella spp., 
Heamophilus influenzae, Proteus spp., Staphylococcus aureus, Streptococcus hemolyticus, 
group B, and Candida albicans. Antimicrobial activity of honey was tested in acidic, neutral, or 
alkaline media. These were compared with similar concentrations of glucose in nutrient broth. 
Bacterial conjunctivitis due to E. coli, Proteus spp., S. aureus, Klebsiella spp., and  P. 
aeruginosa was induced in rats. Conjunctiva application of honey four times a day or 
appropriate antibiotics was used for treatment and compared with control values. Growth of 
all the isolates was completely inhibited by 30-100% honey concentrations. The most 
sensitive microbes were E. coli, P. aeruginosa, and H. influenzae. Glucose showed less 
antimicrobial activity than honey, and many microbes showed positive culture even in 100% 
glucose(Noori, 2004). Heating to 80oC for 1 hour decreased antimicrobial activity, of both new 
and stored honey. Storage of honey for 5 years decreased its antimicrobial activity, while 
ultraviolet light exposure increased its activity against some of the micro-organisms(Noori, 
2004 ). 
 Antimicrobial activity of honey was stronger in acidic media than in neutral or alkaline 
media. Single doses of honey used to prepare the 60% concentration in nutrient broth were 
bactericidal for P. aeruginosa and bacteriostatic for S. aureus and Klebsiella spp. during 
certain periods (Noori, 2004).  
        Surgical wounds were made on dorsum of mice and infected with S. aureus or Klebsiella 
spp. The wounds were treated with local application of honey four times a day or appropriate 
antibiotics and compared with control values. Local application of raw honey on infected 
wounds reduced redness, swelling, time for complete resolution of lesion, and time for 
eradication of bacterial infection due to S. aureus or Klebsiella spp. When its potency was 
compared to that of local antibiotics, honey application into infectivity's reduced redness, 
swelling, pus discharge, and time for eradication of bacterial infections due to all the isolates 
tested (Noori, 2004).  
 In an in vitro study of pure honey and different dilutions used against a variety of 
micro-organism, including bacteria and fungi; Cavanagh et al. (1970), indicated abroad 
spectrum of antimicrobial activity of honey. 
Lavie (1960), concluded that honey seems to contain no antifungal material or antifungcidal  
material, and prevents the development of fungi merely by its high sugar concentration. 
Obaseiki-Ebor et al. (1983) destructively distilled under dry nitrogen different samples of 
honey from different geographical zones in Nigeria, and the distillates obtained were tested 
for their antimicrobial activity against gram-positive and gram-negative bacteria and fungi. The 
distillates exhibited a broad spectrum antimicrobial activity to the tested organisms 
irrespective of the presences of chromosomal or-R-plasmid mediated resistance genes on the 
bacterial strains. Furthermore, exposure of a population of the organisms to varying dilutions 
of the distillate did not produce resistant mutants. 
 Obaseiki-Ebor et al. (1984) compared the anti-fungal activity of honey distillate with some 
anti-mycotic preparations against 72 vaginal clinical isolates of Candida albicans, and found 
that all the strains resistant to conventional antimycotic agents were inhibited by the active 
fraction of honey distillate.  
            Fungi also show some susceptibility to honey, demonstrated in vitro by the NZ 
researchers (Brady et al., 1996). These researchers studied the concentration of Manuka 
honey and another non-Manuka honey required to inhibit the growth, in agar, of a range of 
clinical isolates of fungi. The non Manuka honey concentration required to inhibit fungal 
growth around agar wells ranged from 5-20% v/v. For Manuka honey, concentrations of 10-
50% v/v were required to inhibit growth. For non –Manuka honey, concentrations substantially 
higher than those found to inhibit bacterial growth. Fungi tend to be more tolerant of low water 
activities than the majority of bacteria. 
1.3 Efficacy studies-human 
1.3.1 Traditional medicinal use 
 Honey has long history of use as medicinal substance. It was used by the ancient 
Greeks and Sumerian (Molan ,1995). In ancient Egypt it was used as a wound treatment, 
mixed with grease and fiber, and for gut conditions. Hippocreates recommended honey and 
vinegar for pain, water and honey for thirst and a mixture of honey, water and other 
substances to treat acute fever, as well as recommending its use to treat ulcers (Beck et al., 
1944; Zumla et al.,1989). Its use is referred to in the Koran, which specifically refers to its role 
in treating diarrhea (Kandil et al., 1987; Salem, 1985). 
 The Bible mentions the use of honey in eye problems (Beck et al., 1944). Honey has 
been used as an ingredient in some prescriptions concerning wounds, and many different 
diseases, such as various stomach and bowel disorders, bladder and urinary ailments and 
diarrhea. There are also prescriptions for ailments such as coughs, dropsy and asthma. From 
a total of 324 prescriptions to cure internal disorders of various kinds, 179 contain honey 
(Stomfay-Stitz, 1960). Special attention was given to prescriptions for eye disorders including 
injuries and faulty sight. 
 Honey was also used in treatment of skin disease, burns of various degrees, 
ulceration, blisters, infected wounds, and stopping bleeding (Stomfay-Stitz, 1960). 
 In herbal medicine, honey is described as the nectar of life and its use is 
recommended for various conditions (Subrahmanyam, 1996). Russian soldiers in World War 
П used honey, apparently successfully, for wound healing purposes (Bergman et al., 1983). 
Honey, lime leaves and palm kernel are traditional medicines for wound healing in Ghana and 
among the Bambara of Mali, honey is a traditional treatment for measles, both via the oral 
result and as an eye ointment (Imperato et al., 1969). 
 Beck et al. (1944) summarized the traditional uses of  honey as follows “… its main 
employment was as a helpful remedy for gastric and intestinal disorders, especially as a 
pleasant laxative. Respiratory troubles were next in order. The sedative and soporific power 
of honey is often was well known and it was a favoured remedy for all kinds of inflammation of 
the kidneys, for gravel and for stones. The antiseptic property of honey made it a desirable 
gargle, expectorant and available adjunct in mouth hygiene. In inflammation of the eyes and 
eyelids honey was extensively used. In surgical dressings and skin diseases it was a remedy 
of first choice. The small pox patients were anointed with honey. It was also employed as a 
vehicle for nauseous or bitter medicines”.  
1.3.2 Clinical trials Burns healing 
 The Indian researcher Subrahmanyam (1991), conducted a number of studies of the 
topical use of honey to heat burns. In all studies, patients had partial thickness burn to less 
than 40% of their body  surface area. In 1991, he reported on a trial comparing honey with 
silver sulfadiazine (SSD) with a total of 104 patients randomly allocated to receive one of the 
two treatments. After the burns were washed with saline, half the patients were treated with 
15-30 ml honey spread over the burns each day, the amount applied depending on the size of 
burn. The burn was covered with dry, sterile gauze. Remaining patients were treated with 
gauze impregnated with SSD, the gauze being replaced daily. Age, sex and Burns 
characteristic of both groups were similar. Among patients treated with honey, healthy 
granulation tissue at a mean of 7.4 days compared to 13.4 days for SSD patients. Burns 
healed more rapidly in the honey group (33/52 patients within 10 days and all within 40 days) 
compared to the SSD group (35/52 patients within 30 days and all within 60 days). Four 
honey treated patients showed infection at the burn site after 7 days of treatment, compared 
to 38 of SSD patients. 
 In 1998 Subrahmanyam reported another study comparing topical honey with topical 
SSD in the treatment of burns. After saline washing within 6 hours of the burn occurring, 50 
patients received either 16-30 ml unprocessed honey every 2 days or a covering of gauze 
impregnated with SSD, replaced daily. Characteristics of the treatment groups didn’t differ 
substantially and patients had a mean burn area of 15% of the body surface. Satisfactory 
epithelisation was achieved within 7 days in 87% for honey- treated patients and within 10 
days for all, compared to 72% and 84% respectively for SSD. Histological examination of 
tissue showed that the honey-treated tissue underwent earlier subsidence of acute 
inflammation. 
 In 1993, Subrahmanyam reported a comparison of the use of topical honey to that of 
sterile, moisture permeable polyurethane film (opsite). Trial participants were treated in 
hospital within 6 hours of the occurrence of the burn. Burns were washed with normal saline 
and then patients were randomly allocated to receive treatment with either opposite (the 
control group) or sterile gauze impregnated with untreated honey. In both groups, cultures 
were taken from the wound surface on admission, day 8 and day 21 and the time required for 
complete healing was noted.  Wounds healed more rapidly in the patients treated with honey 
(mean healing time 10. 8 days) compared to the control group (15 days) (P < 0.001). Fewer 
burns become infected in the honey treated group (8 vs 17 patients). 
 The same author (Subrahmanyam 1994) conducted a similar trial comparing honey to 
boiled potato peel for the treatment of partial thickness burns. According to the author, potato 
peels are commonly used as burn dressings in developing countries. Fifty patients were 
randomly allocated to each treatment group, within 6 hours of the occurrence of the burn and 
after washing the burn with normal saline. Depending on the burn size 15-30 ml honey was 
applied every 2 days and the wound covered with sterile dry gauze. All wounds were 
observed until healing was complete. The characteristics of the two groups were reported and 
did not differ substantially in age, mechanism of injury or burn area. Burns healed more 
quickly in the honey-treated group (mean 10.4 days vs 16.2 days) (P < 0.001) and granulation 
tissue appeared sooner (mean 6.8 days vs 9.2 days). Among honey-treated patients, only 4 
had pathogens in the wound after 7 days compared to 42 in the potato peel group. 
 Amniotic membrane, prepared from fresh caesarian or vaginal deliveries, was used in 
another of Subrahmanyam’s trials (1996) of the use of topical honey  to treat partial thickness 
burns. Sixty four patients were randomized to receive either honey impregnated gauze every 
2 days until healed (40 patients), or to have their burn covered with amniotic membrane (24 
patients) patient characteristics were similar in the two groups. The burns treated with honey 
healed faster compared to those treated with amniotic membrane (9.4 vs 17.5 days, P < 
0.001) with less scarring (8% vs 17%, P < 0.001). 
1.3.3 Clinical observations on wound healing 
 There have been a number of reports on the clinical use of honey to treat skin 
wounds. Much of this work has been conducted in developing countries, where the low cost of 
honey treatment is a major incentive for its use. 
 Topical application of honey has been used successfully to treat infected wounds 
resulting from radical vulvectory due to carcinoma of the vulva. Cavanagh et al. (1970) used 
household honey (floral source not stated) in 12 patients who developed infected wounds 
following surgery. Undiluted honey was poured into the wound twice daily and the wounds 
covered loosely with gauze. Wound cultures were taken from the wound at time of tissue 
break down, and at subsequent time intervals. Contaminating bacteria included Proteus 
mirabilis, Pseudomonas aeruginosa, Escherichia coli, Enterobacter species, Streptococcuss 
faecalis, Staphylococcus aureus  and clostridium perfringenes. All wounds were found to be 
free of bacteria within 3 to 6 days of treatment. Complete healing occurred within 8 weeks for 
all patients, and within 3 weeks for one patient. Two adverse effects were noted with this 
treatment. Infection with the yeast Candida near the edge of the wounds, where the 
concentration of honey was reduced, was noted in 3 patients. Excessive use of honey overly 
dehydrated the wound, which could be remedied by the use of saline packs at night. 
 Blomfield (1973), using pure natural honey found that  honey applied every two to 
three days under a dry dressing, promoted the healing of ulcers and burns better than any 
other application used. He further pointed that honey could also readily be applied to other 
wound surfaces including cuts and abrasions, and recommended honey to all doctors a very 
inexpensive and valuable cleaning and healing agent. 
 Armon (1980) successfully used honey to treat many infected wounds, e.g. large 
bedsore, and grossly infected laboratory wound. Wound were usually bacteriologically sterile 
within seven to ten days of the start of treatment with honey, which also promoted the growth 
of healthy granulation tissue. Armon (1980) recommended honey as a cheaper and 
sometimes more effective than some antibiotics. 
 Wadi (1986) reported in vivo use of honey against septic wounds in hospitalized 
patients resulted in the healing of four out of five cases. Wound treated with topical 
application of honey were found to be clean, sterile and showed healthy granulation tissue. 
The only case that did not respond to honey was an advanced diabetic septic foot which had 
previously treated with conventional antibiotic with no improvement.  
            In two African studies honey was used successfully to treat ulcer and wounds (Effem, 
1988) and Fournier’s gangrene (gangrene of the scrotal area) (Effem, 1993). In the first of 
these studies, 59 patients (47 male, 12 female, aged 2 months to 78 years) with various 
wounds and ulcers (including Fournier's gangrene, burns, tropical, diabetic and traumatic 
ulcers, cancrum oris, cancerous sores and bed sores) were treated with topical  honey 
application. Most of the patients, ulcers and wounds had failed to respond adequately to 
conventional treatment including antibiotics in some cases. With one exception, all non-
cancerous ulcers responded to a treatment regime of washing with saline and the topical 
application of 15-30 ml honey daily.  
      Pathogens isolated at the common cement of the study included Pseudomonas 
pyocyanea (35 cases), Escheridia coli (31), Staphylococcus aureus (15), Proteus mirabilis (9), 
Coliforms (9), Klebsiella species (7) Streptococcus faecalis (3) and Streptococcus pyogenes 
(1). In all successful cases, no pathogens were detected when cultures were taken after 1 
week of treatment. In the case of non-responding patient, Mycobacterium ulcerans was 
isolated from the wound. In the study of fournier's gangrene (20 cases) treated with topical 
honey (15-30 ml), combined with oral amoxicillin and metronidazole, where compared to 21 
cases who underwent surgical management of the infection together with various oral 
antibiotic .Three of the group treated surgically died, with no deaths  in the  honey group( 
Effem , 1993). 
  A Sudanese study of the use of topical honey in 11 wounds patients found that honey 
applied daily to cleaned wounds  was an effective treatment in all but one case (Farouk et al., 
1988). Application of honey to large septic wounds was reported to be common place in 
Kenyan bush hospitals in the 1970’s by Branicki (1981), who reports the application of 
undiluted honey in a thin layer 2-3 times daily gave excellent results. Honey rendered the 
wounds bacteriologically sterile in 3-6 days and encouraged the formation of healthy 
granulations. Armon (1980) presented two case reports of the successful use of topical 
honey to treat large abscesses in African patients. . 
        Honey was reported (Phuapradit  et al.,1997) to be successful in aiding the healing of 
abdominal wounds that had broken down following caesarian section. . 
1.3.4 Honeybees the answering to wound infected with antibiotic resistant 
 Clinical and in vitro research has shown medihoney(R) wound care products have 
successfully healed both acute and chronic wounds colonised with methicillin – resistant 
Staphylococcus aureus (MRSA) bacteria, which is estimated to cause more than 5,000 
deaths in UK hospitals, cost the NH £/billion per year, and extend infected patient, stay in 
hospitals for additional 11 days (Cooper et al., 1999). Clinical and in vitro research has shown 
Medihoney(R) is effective against more than 250 clinical strains, including the highly infectious 
MRSA, (methicillin, sensitive Staphylococcus aureus), vancomycin-resistant Enterococci 
(VRE), Pseudomonas aeruginosa, Actinetobacter calcoaceticus and Klebsiella pneumoniae 
(Cooper et al., 1999). 
1.3.5 Clinical observations gastrointestinal conditions 
 Infections of the intestinal tract are common throughout the world, affecting people of 
all ages. The infectious diarrhea exacerbates nutritional deficiencies in various ways, but as in 
any infection, the calorific demand is increased. Pure honey has bactericidal activity against 
many enteropathogenic organisms, including those of the Salmonella and Shigella species, 
and enteropathogenic E. coli (Jeddar et al., 1985). In clinical study of honey treatment in 
infantile gastroenteritis  (Haffejee et al., 1985). Two table spoons of honey (30 ml) given 
before meals three times daily was used to treat male and female patients (20-40 years) 
suffering from gastritis, duodenitis and duodenal ulcers (Salem, 1981). The author claimed 
that two-thirds of patients recovered following treatment, that the haemoglobin levels of most 
patients increased and that faecal blood loss decreased. Salem(1981) also reported that he 
has used honey in the form of enemas to treat ulcerative proctitis which has given good 
progressing in treatment . 
1.3.6 Use in opthalmic conditions 
 Emarah (1982) reported the use of applied  honey topically, to treat a range of 
ophthalmic conditions in Egypt. Conditions treated included chronic, non-specific conjunctivitis 
and persistent blephanitis. No patients worsened following treatment, and the majority of 
patients improved.  
1.4 Safety of honey 
1.4.1 Reactions following topical use 
 Effem’s African studies (1988 and 1993) of the treatment of serious ulcers with daily 
application of honey, did not reveal any allergies or other adverse effects over the several 
weeks of treatment. 
 Phuapradit et al.(1997) report of the use of honey in abdominal wounds did not reveal 
any adverse effects, such as allergies, from the use of honey. 
 Ndayisaba et al.(1993) studied the topical use of honey in 40 patients with major 
wounds. They reported only one, patient discontinued treatment due to a burning sensation 
on application of the honey.  
 Wood et al.(1997) also reported that some patients with leg ulcers experienced a 
burning sensation when honey was applied. 
 Emarah (1982) reported that when honey was used to treat eye conditions, patients 
experienced transient stinging and redness of the eye, which was not severe enough to 
warrant cessation of the treatment. 
 No reasons for the burning sensations were reported by the authors of these reports. 
1.4.2 Honey Allergy 
 While apparently uncommon, allergies to honey  have been reported and can involve 
reactions varying from cough to an anaphylaxis (Kiistala et al., 1995). 
 The incidence of honey allergy was reported by Bauer et al. (1996) to be 2.3% of a 
group of 173 patients with food allergies. Among patients with confirmed honey allergy, 17% 
had suffered anaphylaxis and 30% asthma (Bauer et al., 1996). Bauer et al. (1996) reported 
that the proteins responsible for honey allergy are derived from proteins secreted by bees and 
from proteins derived from plant pollens. 
 Individuals with inhalation allergies to particular plants (e.g. members of the 
composite family) may sometimes demonstrate allergies to honey produced by bees foraging 
on these plants (Bousquet et al., 1984; Hebling et al., 1992). 
1.4.3 Toxins in honey 
 Plant toxins may in some cases be transferred to honey produced from their nectar. 
Honeys produced by bees feeding on flowers of the Ericaceae and Solanaceae families are 
known to have caused toxicity (White, 1975; Palmer-Jones et al, 1965) as have those 
produced from tansy ragwort (Senecio jacobaea) (Deinzer et al., 1977).  
 Deaths from the ingestion of large quantities of honey derived from Rhododendron 
species have been reported in the Caucasus region, and deaths were reported among Maori 
and settlers in the NZ North Island (Palmer-Jones, 1965). Non-fatal poisoning was wide 
spreading NZ until the 1920s, when honey production in the North Island was stopped. 
 The source of poisoning was identified as being a combination of the plant Coriaria 
arborea (tutu) and the production of honey dew from the passion vine hopper (Scolypopa 
australis). Same areas of the North Island have now been closed to honey production and in 
other areas of NZ beekeepers are advised not to collect honey at certain times of the year 
when vine hoppers are prevalent (Palmer-Jones, 1965). Palmer-Jones (1965) also identified a 
range of other plants that have been implicated in the production of toxic honeys such as 
kalmia latifolia, Tripetalia paniculata, ledum palustre. Symptoms of honey poisoning vary 
depending on the toxin, but include dizziness, nausea, vomiting, convulsions, headache, 
palpitations and deaths in some cases. Toxins identified include hyenanchin (in the case of 
the NZ poisonings), euphorbic acid, acetylandromedol and ericolin (Palmer-Jones 1965). 
These toxins are apparently heat resistant. In the NZ poisoning cases, as little as 5-10g could 
cause severe poisoning in humans. 
CHAPTER TWO 
                       MATERIALS AND TECHNIQUES 
2.1 Sterilization 
2.1.1 Flaming 
 It was used to sterilize glass slides, needles and scalps. 
2.1.2 Red heat 
 It was used to sterile loop wires, points an searing spatulas by holding them over 
Bunsen burner flame until became red-hot. 
2.1.3 Hot air oven 
 It was used to sterilize glass wares such as test tubes, graduated pipettes flasks, 
forceps and cotton swabs. The holding period was one hour and oven temperature was 
180oC. 
2.1.4 Steaming at 100oC 
        Repeated steaming (Tyndallizaltion) was used for sterilization of sugars and media that 
could not be autoclaved without determent effect to their constituents. It was carried out as 
described by Cruickshank et al.(1975). 
2.1.5 Moist heat (autoclave) 
 Autoclaving at 121oC (151b/inch2) for 15 minutes was used for 
sterilization of media and plastic wares. Autoclaving at 115oC 
(101b/inch2) for 10 minutes was used for sterilization of some media. 
2.2 Reagent and indicators 
2.2.1 Reagents: 
2.2.1.1 Alpha-naphthol solution: 
           Alpha-naphthol is product of British Drug House, London 
(BDH). This reagent was prepared as 5% aqueous solution for 
Voges Proskauer (VP) test. 
2.2.1.2 Potassium hydroxide : 
            It was used for Voges Proskauer test and was prepared 
according to Barrow and Feltham (1993) as 4% aqueous solution  
2.2.1.3 Hydrogen peroxide :  
             This reagent was obtained from Agrophram Limited, 
Buckingham. It was prepared as 3% aqueous solution and it was 
used for catalase test . 
2.2.1.4 Methyl red : 
         It was prepared by dissolving methyl red (0.04 g) in ethanol 
(40 ml) the volume was made to 100 ml with distilled water. It was 
used for methyl red test (MR).  
2.2.1.5 Tetra methyl-p-phenylene diamine dihydrochloride  : 
          This was prepared in a concentration of  3% aqueous 
solution and was used for oxidase test . 
2.2.1.6 Nitrate test reagent : 
       Nitrate test reagent was consist of two solutions and they were 
prepared according to Barrow and Feltham (1993). Solution A was 
composed of 0.33%  sulphanilic acid dissolved by gentle heating in  
5N-acetic acid. Solution B was composed of 0.6% 
dimethyelamine-naphthylamine dissolved by gentle heating in 5N-
acetic acid . 
2.2.1.7 Kovac's reagent : 
                This reagent composed of 5g para-dimethyl-amino-
benzaldhyde, 75 ml amyl alcohol and 25ml concentrated 
hydrochloric acid. It was prepared as described by Barrow and 
Feltham (1993) by dissolving the aldehyde in the alcohol by 
heating in water bath, it was then cooled and the acid was added 
the reagent was stored at 4 oC for later use in indole test . 
2.2.1.8 McFarland 0.05 (barium sulphate): 
          This reagent was prepared by adding 0.6ml of barium 
chloride solution to 99.4ml of sulphuric acid solution and mixed 
together. 
The barium sulphate reagent was used to estimate turbidity of  
broth culture by matching tube number five that equal  (about  1 X 
106 cell/ml). 
2.2.2 Indicators : 
2.2.2.1 Andrade's indicator 
           It composed of acidic fuchsin 5g, distilled water 1L N-NaOH 
150ml.The acidic fuchsin was dissolved in distilled water, then the 
alkali solution was added, mixed and was allowed to stand at room 
temperature for 24h with frequent shaking until the color changed 
from red to brown . 
2.2.2.2 Bromothymol blue : 
            It was obtained from BDH .The solution was prepared by 
dissolving 0.2g of bromothymol blue powder in 100ml distilled 
water.  
2.2.2.3 Phenol red : 
          It was obtained from (Hopkins) and (William) Ltd, London. It 
was prepared as 0.2%  aqueous solution . 
2.2.2.4  Bromocresol purple: 
         It was obtained from BDH. The solution was prepared by 
dissolving  0.2g of the bromocresol purple powder in 37ml of 0.05 
N-NaOH .The volume was made to 100 ml with distilled water  
           
         2.3 Collection of blood, plasma and fibrin clots from laboratory animals 
 Blood for enrichment of media, was aseptically collected into sterile flasks which 
contained glass beads by vein puncture of the jugular vein of healthy donor sheep. Blood was 
defibrinated by shaking the sterile flasks. Blood for fibrinolysin was allowed to clot and the 
serum was removed aseptically. Blood for plasma for coagulase test was aspirated directly 
from rabbit heart or an ear vein using a sterile vacationer containing an anticoagulant ready 
prepared. Human plasma was also used for the test. 
 2.4 Preparation of media: 
2.4.1 Liquid media: 
2.4.1.1 Nutrient broth: 
        Thirteen grams of nutrient broth powder (Oxoid) were added to one liter of distilled water, 
mixed well and distributed in 3 ml amount into clean test tubes and sterilized by autoclaving at             
121oC for 15 minutes. 
2.4.1.2 Peptone water: 
          Fifty grams of peptone water powder (Oxoid) were added to one liter of distilled water, 
mixed well and distributed in 3ml amount into clean test tubes and sterilized by autoclaving at 
121o C for 15 minutes. 
2.4.1.3 Peptone water sugars : 
    Peptone water sugar medium was prepared as described by Barrow and Feltham (1993). It 
contained peptone water 900 ml, Andrade's indicator 10 ml, sugar solution 10 ml and distilled 
water 90 ml. The pH of peptone water was adjusted to 7.1-7.3 before the addition of 
Andrade's indicator .The complete medium was mixed well, then distributed into portion of 2 
ml into clean test tube containing inverted Durham's tube and sterilized by autoclaving at 115 
o C for 10 minutes. 
2.4.1.4 Nitrate broth : 
             The medium was prepared as described Barrow and Feltham (1993) .Potassium 
nitrate 1g was dissolved in 1 liter of nutrient broth, distributed in 5 ml amount into test tube 
and sterilized by autoclaving at 115 o C for 20 minutes. 
2.4.1.5 Glucose-Phosphate Medium (MR –VP Test medium): 
             This medium was prepared according to Barrow and Feltham (1993). Five grams 
peptone and 5g powder buffer solution were added to 1 liter of distilled water, dissolved by 
steam till dissolved completely, filtered and pH was adjusted to 7.5 .Then 5g of glucose were 
added, mixed well, distributed in 3 ml                     a mount into clean test tubes and sterilized 
by autoclaving at 115oC for 15 minutes. 
2.4.2 Solid media  
2.4.2.1 Nutrient agar : 
           To one liter of nutrient broth (Oxoid) 15 g of agar were added, dissolved by boiling, 
sterilized  by autoclaving at 121oC for 15 minutes. Then cooled to about 50oC and distributed 
in 15 ml amount per sterile Petri dish plate. The poured plates were left to solidify at room 
temperature on leveled surface . 
 
 
2.4.2.2 Blood agar : 
              Forty grams of blood agar base No 2 (Oxoid) were suspended in 900 ml of distilled 
water, dissolved by boiling, mixed and sterilized by autoclaving at 121oC for 15 minute. Then 
cooled to about 50oC, defibrinated sheep blood was added aseptically to give final 
concentration 10%, mixed gently and 15 ml of complete medium were poured into each sterile 
Petri-dish .The poured plates were allowed to solidify at room temperature on flat surface.     
2.4.2.3 Mueller-Hinton agar : 
         This medium was supplied by (Oxoid). It consist of protease peptone, beef infusion 
solids, starch. Forty grams of the medium were suspended in one liter of distilled water,  then 
brought to boil to dissolve completely, sterilized by autoclaving at 121oC for 15 minutes, then 
dispended into sterile Petri-dishes in portions of 15 ml each. The poured plates were left to 
solidify at room temperature on leveled surface . 
2.4.2.4 MacConkey agar: 
               Fifty two grams of MacConkey agar (Oxoid) were suspended in one liter of distilled 
water, brought to boil to dissolve the ingredients completely, then sterilized by autoclaving at 
121oC for 15 minute and poured into sterile Petri-dishes in 15 ml amount. The poured plates 
were left to solidify at room temperature on flat surface . 
2.4.2.5 Mannitol salt agar : 
                 One hundred and eleven grams of Oxoid CM85 dehydrated medium were 
suspended in a liter of distilled water, mixed, steamed to dissolve and then the pH was 
adjusted to 7.5 .It was then autoclaved at 121oC for 15 minutes, cooled and poured into Petri-
dishes. The poured plates were allowed to solidify at room temperature on flat surface . 
2.4.2.6 Nutrient gelatin  
            One hundred and twenty eight grams of nutrient gelatin (Oxoid CM 132 a) were 
hydrated in a liter of distilled water, steamed  to dissolve, pH was adjusted to 6.8 .Then 
distributed in screw-capped bottles and autoclaved at 121 o C for 15 minutes . 
2.4.2.7 Starch agar : 
             Potato starch 10 grams, distilled water 50 ml were mixed with nutrient agar 1000 ml. 
The starch was triturated with water to smooth scream and added to the molten nutrient agar, 
mixed, it was then sterilized by autoclaving at 115 o C for 10 minute cooled and poured in 
Petri dishes. The poured plates were allowed to solidify at room temperature on flat surface . 
2.4.2.8 Christensen's urea agar :  
            The Christensen's urea  agar basal  medium (CM53) was obtained from (Oxoid). It 
contained peptone 19 gram, sodium chloride 59 grams, KH2PO4 29 gram, 19 ml glucose 
solution (2%)    and phenol red 6 ml solution (0,2%).The ingredient were dissolved by heating 
in 1000 ml distilled water the pH was adjusted to 6.8., finally this basal medium was sterilized 
at 115oC for 20 minute. The urea solution was sterilized  by filtration and 50 ml was added to 
basal medium which was cooled to 55oC. The medium was distributed aseptically into sterile 
bijou bottles and allowed to cool and solidify in a slope  position. It was used for detecting 
urease activity . 
2.4.2.9 Simmon's Citrate agar : 
               The medium (CM155) was obtained from (Oxoid) .It contained MgSO4 (0.2 gram), 
(NH4)PO4 (0.2 gram), NaNH4PO4 (8 gram), sodium citrate tri basic ( 2 gram), sodium Chloride 
(5 gram), Bromothymol blue (0,8 gram) and agar No 3 (15 gram) .Twenty three grams of 
media were suspended in one liter of distilled water brought to the boil to dissolve completely, 
the pH was adjusted to 7.0 and sterilized by autoclaving at 121oC for 15 minutes and the 
medium was then distributed into bijou bottles in portion of 5 ml each and left to solidify in 
slope  position  .It was used for detection citrate utilization . 
2.4.2.10 Triple sugar iron agar : 
             The medium (CM277) was obtained from (Oxoid) .It contained meat extract 3 gram, 
yeast extract (3 gram), peptone (20 gram) , glucose (1 gram), lactose (10 gram), sucrose (10 
gram), FeSO4.2H2O (0.2 gram ), NaSO3.5H2O (0.3 gram) and agar (20 gram). The solid were 
dissolved in 1 liter distilled water by heat. Twelve ml indicator solution  0.2% phenol red were 
added, mixed and dispensed into tubes then sterilized by autoclaving at 121 o C for 15 minute 
and cooled to form slopes with deep butts .It was   used for detection hydrogen sulphide 
production. 
2.4.2.11   Phenolphthalein phosphate agar  
             Phenolphthalein diphosphate sodium salt 1% solution was sterilized by filtration and 
stored at 4oC .The nutrient agar (1 liter) was sterilized by autoclaving at 121oC  and cooled to 
56oC, then 10 ml of sterile phenolphthalein phosphate solution was added aseptically, mixed 
and distributed into sterile Petri dish in portion  of 15 ml each and allowed to solidify on 
leveled surface. It was used for detecting phosphatase activity. 
2.4.2.12 Ammonium salts sugars: 
 The medium was prepared  as described by Smith  et al. (1952). It contained 
(NH4)2HPO4 1 gram, KCl 0.2 gram, MgSO4 .7H2O 0.2 gram, yeast extract 0.2 gram. and agar 
20 gram. The solids were added to one liter  distilled water and dissolved by steaming .The 
indicator bromocresol purple 0.2 % solution was added and sterilized at 115oC for 20 minute 
.The basal medium was allowed to cool to about 60oC and the appropriate carbohydrate was 
added as sterile solution  to give final concentration  0.5 -1%. It was used for sugar 
fermentation especially Pseudomonas species.      
2.4.3 Semi solid media:     
 2.4.3.1 Motility medium –Cragie tube medium : 
              Thirteen grams of dehydrated nutrient broth (Oxoid) were added to 5g of Oxoid agar 
No.1 and dissolved in one liter of distilled water .The pH was adjusted to 7.4. This medium 
was dispended in volume of 5ml into 20 ml test tubes containing the appropriate Cragie tubes. 
Then the medium was sterilized by autoclaving at 121 o C for 15 minutes . 
2.4.3.2 Hugh and Liefson's (O/F) medium : 
               This medium was prepared as described by Barrow and Feltham (1993). Two grams 
of peptone powder, five grams of sodium chloride, 0.3g of potassium hypophosphate and 
three grams of agar were added to one liter of distilled water. Then heated in water bath at 
55oC to dissolve the solids. The pH was adjusted to 7.1 and filtered. Then the indicator 
bromothymol blue (0.2% aqueous solution)  was added and the mixture was sterilized at 
115oC for 15 minutes. Filtered sterile glucose solution was added aseptically to give final 
concentration 1%. Then the medium was mixed and distributed aseptically in 10 ml amount 
into sterile test tubes of no more than 16 mm diameter . 
2.5 Collection of samples   
2.5.1 Collection of urine samples 
              Pregnant women who visited Omdurman Maternity 
Hospital for routine check up were asked to submit samples of 
urine .They were instructed to collect mid stream specimens of 
urine properly in sterile universal bottles .The samples were put on 
ice in thermos flasks and transported immediately to the laboratory 
for bacteriological investigation. 
2.5.2 Collection of wounds and burn and abscesses swabs  
              The diabetic wounds, burns and abscesses samples were 
collected from Omdurman Hospital by qualified nurse, the total 
number of the swab samples collected were thirty five samples as 
shown in Table1. The sample were put on ice in thermos flasks 
and transported immediately to the laboratory for bacteriological 
investigation. 
2.5.3 Collection of honey samples 
               Two honey samples harvested during winter 2004 were 
collected from different fields of nectars. The honey sample were 
collected from field of nectars of Acaccia nilotica  (local name, 
Sunt) and Blanites aegyptiaca (local name, Higleege) in sterile 
screwed cups. Each honey  samples was first filtered with a sterile 
mesh to remove debris and then streaked on blood agar, and 
incubated overnight to check microbial contamination and stored at 
2-8oC until used. The pH values of undiluted honey were 
measured by digital  pH  meter. 
2.5.4 Collection of some types strains bacteria  
                Bacterial culture, Staphylococcus aureus ATCC 25923, 
Escherichia coli ATCC 25922, Pseudomonas aeruginosa ATCC 
27813, Klebsiella pneumoniae  ATCC 35657 and Proteus mirabilis 
ATCC 35659 were obtained from Laboratories and research 
National Health Laboratory . 
2.5.5 Sample transport 
            All samples collected were transported on ice in thermos 
flask to the laboratory for immediate processing and culturing . 
2.6 Culture of specimens  
         The collected samples were inoculated onto blood agar 
medium. The inoculated plates were then incubated  for 24-48 
hours at 37 oC. After the incubation period, the colonies 
characteristic were observed and smear were made from  each 
type of colony. The smear was dried in the air, then fixed by 
heating, stained by Grams techniques and examined under light 
microscope for cell morphology and staining reaction. 
2.7 Purification :  
          All bacteria isolated were purified by several subculturing 
from single well-separated colony. The purity of the culture was 
checked by examining Gram stained smear .The pure culture was 
then used for studying cultural and biochemical characteristics and 
sensitivity of the isolate . 
2.8 Microscopic examination : 
                 Smears were made from each type of colonies on 
primary culture and from purified colonies, fixed by heating and 
stained by Gram technique (Barrow and Feltham 1993).Then 
examined microscopically under oil immersion. The smear was 
examined for cell morphology and staining reaction . 
2.9 Identification of bacteria : 
                     The purified isolates were identified according to the 
criteria described by Barrow and Feltham(1993). This include 
staining reaction, organism morphology, growth condition, the 
colony characteristics on different media, haemolysis   on blood 
agar, motility and biochemical characteristics. 
2.10 Biochemical techniques : 
2.10.1 Catalase test: 
         The test was carried out as described by Barrow and 
Feltham(1993). A drop of 3% H2O2 was placed on clean slide and 
a colony of the tested culture on nutrient agar was picked by glass 
rod and added to the drop of  3%  H2O2. A positive reaction was 
indicated by production of air bubbles. 
2.10.2 Coagulase test : 
  The test was performed as described by Barrow and  
Feltham (1993). To 0.5 ml of 1:10 dilution of human plasma in 
saline, 0.1 ml of 18-24 hours old culture of the tested organism was 
added, then incubated at 37oC and examined after 1,3 and 6 hours 
for coagulation .Definite clot formation indicated positive result . 
             The test was also performed on slide. Two colonies of the 
tested culture were placed on clean glass slide, emulsified in drop 
of normal saline and then loop full of human plasma was added to 
the drop of bacteria suspension. Appearance of coarse visible 
clump was recorded as positive result . 
2.10.3 Oxidase test   
           The technique of Barrow and Feltham (1993)was used. 
Strip of filter paper was soaked in 1% solution of tetra methyl-p-
phenylene diamine dihydrochloride  and dried in hot air oven and 
then placed on clean glass slide by sterile forceps. A fresh young 
tested culture on nutrient agar was picked off with sterile glass rod 
and rubbed on filter paper strip  if a purple color developed within 
5-10 second, the reaction was considered positive . 
2.10.4 Oxidation-fermentation (O/F)test :          
            The test was carried out as described by Barrow and 
Feltham(1993).The tested organism was inoculated by stabbing 
with straight wire into duplication  test tube of Hugh and Leifson's 
medium. To one of the test tube a layer of the melted soft paraffin 
oil was added to the medium to seal it from air .Both inoculated 
tube were incubated at 37 oC and examined daily for fourteen days 
.Yellow color in open tube only indicated oxidation of glucose ; 
Yellow color in both tubes showed  fermentation reaction and blue 
or green color in open tube and yellow color in the sealed tube 
indicated production of alkali . 
2.10.5 Sugar fermentation test : 
             The test was carried out as described Barrow and 
Feltham(1993). The peptone water sugar was inoculated with 
organism under the test, incubated at 37 oC and then examined 
daily for several days. Acid production was indicated by 
appearance of reddish color, while gas production was indicated by 
presence of empty space in inverted Durham's tube. 
2.10.6 Indole production test:  
            Indole production test was carried out as described by 
Barrow and Feltham(1993).The tested organism was inoculated 
into peptone water and incubated at 37oC  for 48 hours. One 
millilitre of Kovacs reagent was run down along side of the test 
tube .Appearance of pink color in the reagent layer within a minute 
indicated positive reaction. 
2.10.7  Methyl red (MR) test : 
          Methyl red tested was carried out as described by Barrow 
and Feltham (1993). The test culture was inoculated into glucose 
phosphate medium(MR-VP medium) then incubated at 37oC for 48 
hour. Two drops of methyl red reagent were added, shaken well 
and examined. Appearance of red color indicated positive reaction, 
whereas orange or yellow color indicated negative reaction. 
2.10.8 Voges-Proskaur (VP) test: 
            The test was performed as described by Barrow and 
Feltham (1993). The test culture was inoculated into glucose 
phosphate medium (MR-VP medium ) and incubated at 37 oC for 
48 hours indicator. Three millilitre of 40% potassium hydroxide 
were added. When bright pink color developed within 30 minute, 
the reaction was regarded as positive. 
2.10.9 Nitrate reduction test : 
             The nitrate reduction test was carried out as described by 
Barrow and Feltham (1993). The tested culture was lightly 
inoculated into nitrate broth and incubated at 37 oC for  two days 
then 1ml of solution A followed 1 ml of solution B  of nitrate test 
reagent were added. Red color indicated positive reaction that 
showed nitrate had been reduced. If red color did not develop, 
powdered zinc was added to see that whether there was residual 
nitrate or not .Red color development indicated that nitrate in 
medium had been reduced to nitrite by zinc but not by organism, 
whereas unchanged color indicated nitrate in original medium had 
been reduced completely and nitrite was further broken down by 
organism 
2.10.10 Urease test : 
              The slant surface of urea agar medium was streaked with 
the tested culture and incubated at 37 oC for 24-48 hours. The 
development of a pink color  was indicative of production of NH3  
.Negative and weak test were left for a weak before taking results. 
2.10.11 Hydrolysis of gelatin : 
             Cultures were inoculated by stabbing in nutrient gelatin 
medium in screw-capped bottle with straight wire loop and 
incubated at 37oC for 14 days and examined every 2-3 days for 
liquefaction after cooling at 4 oC for half an hour .Positive and 
negative control were set up. 
2.10.12 Hydrolysis of starch :       
               Plates of starch agar were inoculated by streaking with 
the testedcultures and incubated at 37oC for 5 days. They were 
then flooded with iodine, hydrolysis was indicated by clear 
colorless zone around colonies and where there was no hydrolysis 
the medium turned blue. 
 
 
2.10.13 Phosphatase  
          Phenolphthalein phosphate agar was lightly inoculated and 
incubated at 37oC for 18 hour to obtain discrete colonies .Then 0.1 
ml of concentrated ammonia solution was placed on the lid of the 
Petri dish and the medium was inverted .Free phenolphthalein 
librated by phosphate reacted with ammonia and phosphatase 
positive  colonies became bright pink . 
2.10.14 Hydrogen sulphide  
            A tube of triple sugar iron (TSI) agar was inoculated by 
stabbing the butt and streaking the slope .The tube was observed 
daily for up to 7 day's for blackening of the butt only due to H2S 
production .Blacking of slant medium was considered positive 
result. 
2.10.15 Citrate utilization  
               Simmon's citrate medium was inoculated with the tested 
organism and incubated at 37oC for up to 48 hours. Utilization of 
citrate was recognized by a bluish color.  
2.10.16 Novobiocin sensitivity test  
                Type disk diffusion technique was used  to examine the 
sensitivity of the tested organism to the 5 milligram Novobiocin 
antibiotic (Oxiod sensitivity disc). A plate of Mueller-Hinton agar 
was dried in the incubator for 30 minute then diluted suspension 
(106cfu/ml) of an overnight culture of the organism was poured 
onto the surface of the medium. Excess fluid was aspirated and 
the plate was allowed to dry again for 30 minutes at room 
temperature using sterile forceps the antibiotic disk was gently 
applied on the plate and incubated at 37oC for 24 hours. The 
diameter and zone of growth inhibition was measured in 
millimetres and reported as sensitive if it was 17 mm or more, 
moderately sensitive 15-16 mm and resistance 14 mm or less. 
2.11 Motility test :  
                    The Craigie tube in semi-solid nutrient agar prepared as 
described Cruickshank et al. (1975) was inoculated by straight 
wire. A small piece of the colony of the bacterium under  the test 
was picked by the end of the straight wire and stabbed in the 
centre of semi solid agar in the Craigie tube and then incubated at 
37oC overnight. The organism was considered motile if there was 
turbidity in the medium in/outside the Craigie tube. 
2.12 In vitro antimicrobial activity of Bees honey and 
antibiotics techniques  
             Cup-plate technique was used for testing sensitivity of 
bacteria to two samples of  honey and antibiotics.  
2.12.1 Cup plate technique  
           The type seeded agar diffusion technique was adopted 
(Stocks,1975).Muller Hinton media (Oxiod) was used as culture 
medium .The reconstituted medium was sterilized by autoclaving 
at 121 oC for 15 minute, allowed to cool at 48 oC and 20 ml of the 
medium was inoculated with 0.1 ml of 24 hours broth culture of the 
tested organisms (about  1 X 106 cell/ml). The inoculated medium 
was distributed aseptically in 20 ml volume into sterile Petri-dishes 
(90 mm internal diameter) and allowed to solidify on levelled 
surface. The seeded agar plates were then stored at 4 oC surface 
till use. Four cups (10 mm in diameter) were cut using a 10 mm 
sterile borer and the cut disc of agar were removed. Each honey 
sample (0.2 ml) was carefully added into this cups using 
measurable dropping pipettes and allowed to diffuse .The plate 
were incubated at 37oC for 18 hours .Honey sample with different 
concentration as 64%, 32%, 16%, 8%, were tested against 
different micro-organisms. The antibacterial activities of four 
antibiotics, Ampicillin (MF Amipharma), Chloramphenicol (MF 
Shanghai), Gentamicin (MF India) and Tetracycline (MF 
Amipharma) were also examined by the same technique.The 
antibiotics concentration examined in this study were 64µg/ml , 
32µg/ml , 16µg/ml  and 8 µg/ ml  . The zone of inhibition around 
the cups was measured in centimetre and then scored as (+) when 
inhibition zone was 0.5cm; (++), 1cm; (+++), 1.5cm; (++++), 2cm; 
(+++++), 2.5cm and (-), when no inhibition was noticed. 
 
                                 
 
 
 
 
CHAPTER THREE 
3          RESULTS 
3-1 Isolation and identification  
             Sixty samples were collected randomly in Omdurman 
Hospital and Maternal Hospital from patients with urinary tract 
infections, wounds infections, burns infections and abscesses. 
Twenty five samples (41.66%) were collected from urinary tract 
infections, ten samples (16.66%) from wounds infections, ten 
samples (16.66%) from burns infections and fifteen samples (25%) 
from abscesses as shown in table 1. The sample were collected 
from 40 adult women (66.66%), 10 children (16.66%) and 10 
diabetic men (16.66 %) as shown in figure 1. Fifteen samples 
(25%) did not revealed growth of bacteria. The bacteria isolates 
found in this study were identified according to their cultural  
characteristic, cell morphology, Gram-stain reaction and their 
biochemical properties (Table: 3, 4) as described by Barrow and 
Feltham (1993). 
3-2        Aerobic isolates: 
              The culture of the wounds swabs, burns swabs, abscesses 
swabs and urine yielded different species of isolates. The total 
number of isolates was sixty, twenty-eight  (46.66%) were Gram–
positive bacteria  and thirty-two (53.33%) were Gram-negative 
bacteria. 
              The Gram - positive bacteria were twenty-eight 
Staphylococcus spp  (46.67%). The identified Gram-negative 
bacteria were fourteen Echerichia coli (23.33%), eleven  
Pseudomonas aeruginosa (13.33 %), three Klebsiella spp (5%), 
two Entrobacter clocae (3.33 %) and two Proteus mirabilis 
(3.33%), as shown in table 2 and Figure 2.       
 
 Table [1]: Sources and types of samples collected from patients in 
Maternal  and Omdurman hospitals 
Hospital 
Source 
of 
samples
 
Samples 
Collected
Number of 
samples 
Collected 
 
Number of 
isolation 
positive 
samples 
(percent) 
Maternal  Urine Urine 25 
 
10 
(40%) 
Omdurman Abscess Swab 15  
 
15 
(100%) 
Omdurman Burn Swab 10 
 
10 
(100%) 
Omdurman Wound Swab 10 
 
10 
(100%) 
Total   60 
 
45 
(75%) 
 
 
 
Percentage
66.60%
16.66%
16.66% Adult women
Children
Diabetic men
 
 
Figure [1]: Patients ages and sexes from whom samples were 
collected  in Maternal and Omdurman hospitals 
Table[2]: Gram-positive and Gram-negative bacteria isolated from urine, wounds, burn and abscesses samples collected 
from patients in Maternal and Omdurman hospitals 
 
Urine Wound Burn Abscess Total isolates 
Bacteria Species Number 
of sample 
examined 
Number 
isolated 
(percent) 
Number 
of sample 
examined 
Number 
isolated 
(percent) 
Number 
of sample 
examined 
Number 
isolated 
(percent) 
Number 
of sample 
examined 
Number 
isolated 
(percent) 
Number 
of sample 
examined 
Number 
isolated 
(percent) 
Staphylococcus  
aurues 
25 0 
(0.00%) 
10 4 
(40%) 
10 4 
(40%) 
15 15 
(100.00%) 
60 23 
(38.33%) 
Staphylococcus  
epidermidis 
25 2 
(8%) 
10 1 
(10%) 
10 1 
(10%) 
15 0 
(0.00%) 
60 4 
(6.66%) 
Staphylococcus  
saprophyticus 
25 0 
(0.00%) 
10 0 
(0.00%) 
10 1 
(10%) 
15 0 
(0.00%) 
60 1 
(1.66%) 
Escherichia coli 25 9 
(36%) 
10 3 
(30%) 
10 2 
(20%) 
15 0 
(0.00%) 
60 14 
(23.33%) 
Pseudomonas 
aeruginosa 
25 0 
(0.00%) 
10 6 
(60%) 
10 5 
(50%) 
15 0 
(0.00%) 
60 11 
(18.33%) 
Klebsiella 
pneumoniae 
25 1 
(4%) 
10 1 
(10%) 
10 1 
(10%) 
15 0 
(0.00%) 
60 3 
(5.00%) 
Enterobacter 
clocae 
25 2 
(8%) 
10 0 
(0.00%) 
10 0 
(0.00%) 
15 0 
(0.00%) 
60 2 
(3.33%) 
Proteus mirabilis 25 1 
(4%) 
10 0 
(0.00%) 
10 1 
(10%) 
15 0 
(0.00%) 
60 2 
(3.33%) 
Total 25 15 
(60%) 
10 15 
(150%) 
10 15 
(150%) 
15 15 
(100%) 
60 60 
(100%) 
Percentage
38.33%
6.66%
1.66%
23.33%18.33%
5.00%
3.33%3.33%
Staphylococcus aureus
Staphylococcus
epidermidis
Staphylococcus
saprophyticus
Echerichia coli
Pseudomonas
aeruginosa
Klebsiella pneumoniae
Enterobacer clocae
Proteus mirabilis
 
 
Fig [2] Bacterial species isolated from urine,  wounds , burn  and abscesses samples collected from patients  in Maternal 
and Omdurman hospitals 
  57 
3.2.1 Staphylococcus species  
          Twenty eight (46.7 %) strains of staphylococcus spp were 
isolated in this study. They were twenty-three (38.3%) 
Staphylococcus aureus, four (6.7%) Staphylococcus 
epidermidis and one (1.66%) Staphylococcus saprophyticus. 
            These isolates were Gram positive, non-motile, non-spore 
forming and fermented number of sugars. However, some 
reaction of Staphylococcus aureus showed variable results in 
urease test, some Staphylococcus epidermidis in lactose 
fermentation test but other biochemical reactions were 
consistent  as shown in table 3. 
  When Staphylococcus aureus  was cultured on blood 
agar and incubated at 37oC for 24 h, a wide zone of beta 
haemolysis was produced around the colonies . 
3.2.2 Escherichia coli: 
            Fourteen (23.33%) strains of Escherichia coli were 
isolated and identified .They were Gram negative rods, motile, 
catalase-positive, oxidase negative, citrate –negative, produced 
acid and gas from glucose, glycerol, lactose, maltose, mannitol, 
sorbitol, trehalose, xylose. However some strains showed 
variation in adenitol, arabinose, dulcitol, raffinose, rahamnose, 
salicin, sucrose and starch fermentation as shown in table 4 
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Table[3]: Characters and biochemical properties of Gram-positive 
bacteria isolated from urine, wounds, burn and abscesses samples  
collected from patients in Maternal and Omdurman hospitals 
Character 
Staphylococcus 
aureus 
Staphylococcus 
epidermidis 
Staphylococcus  
saprophyticus 
Shape  S S S 
Gram reaction + + + 
Spore formation - - - 
Aerobic growth + + + 
Motility  - - - 
Oxidase - - - 
Catalase  + + + 
O/F F F F 
Coagulase + - - 
Novabiocin S S R 
VP + + + 
Phosphatase + + - 
Mannose + + - 
Urease +  (10/23) + + 
Nitrate + + - 
Sucrose +   + + 
Mannitol + - + 
Lactose + + (2/4) + 
Fructose + + + 
Trehalose + - + 
Glucose + + + 
Maltose + + + 
Xylose - - - 
Raffinose - - - 
 
+  = Positive 
-   = Negative  
F  = Fermentative 
O  = Oxidative   
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3.2.3 Enterobacter species  :  
The two (3.33%) strains of Enterobacter spp isolated in 
this study were Enterobacter clocae. These isolates were 
Gram-negative rod, motile catalase positive, oxidase negative 
and attacked sugars fermentatively but varied in inositol and 
sorbitol reaction (Table, 4). 
3.2.4 Proteus species: 
           The two (3.3%) strains of Proteus species obtained in this 
study were Proteus mirabilis. These isolates were Gram 
negative rod, motile, catalase positive, oxidase negative and  
fermented sugars with varied reactions in adenitol and starch 
(Table, 4). 
3.2.5 Klebsiella pneumoniae : 
              Three (5%) strains of Klebsiella pneumoniae, were 
isolated in this study. These isolates were Gram negative rod, 
non motile, catalase positive, oxidase negative, attacked sugar 
fermentatively, usually with production of gas and VP positive 
(Table, 4). 
3.2.6 Pseudomonas species   
                   The eleven (18.33 %) strains of Pseudomonas 
species  isolated in this study were Pseudomonas aeruginosa.  
             These were Gram negative rods, motile, catalase 
positive, oxidase positive with characteristic pigmentation on 
nutrient agar, they produced acid from glucose, fructose, 
glycerol, mannitol and xylose when the isolates were grown on 
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ammonium salt sugars (ASS) However, they showed variable  
reactions with adenitol, arabinose and trehalose (Table, 4).  
3.2.7 Mixed bacterial infection: 
                Mixed bacterial growth was observed in 15(25%) of 
samples examined in this study. Pseudomonas aeruginosa was 
isolated from 7 (23.3%)cases mixed with Staphylococcus spp. 
While E. coli was isolated from 4(6.7%) cases mixed with 
Staphylococcus spp. Escherichia coli was also isolated from 
2(3.3%) cases mixed with Enterobacter clocae and from 
1(1.7%) case mixed with Klebsiella pneumoniae. Klebsiella 
pneumoniae was isolated from 1(1.7%) case  mixed with 
Staphylococcus aureus.  
3.3 In vitro antibacterial activity of antibiotics: 
      Four different concentrations of Ampicillin, Chloramphenicol, 
Gentamicin and Tetracycline were examined  to determine the 
minimum inhibitory concentration (MIC) on type strains and 
isolates obtained from urine samples, wounds, burn and 
abscesses by using cup-plate technique. 
3.3.1  Sensitivity of type strains to antibiotics : 
3.3.1.1. Ampicillin: 
 Ampicillin had inhibitory effect on growth of many types 
strains examined. At minimum concentration of 8µg/ ml  it 
inhibited the growth of Escherichia coli and it inhibited at 
minimum concentration of 16 µg/ ml     (MIC) the growth of 
Proteus mirabilis. However, the growth of Staphylococcus 
aureus, Pseudomonas aeruginosa and Klebsiella pneuwere not 
inhibited by any concentrations of Ampicillin tested (Table, 5).              
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Table [4]: Characters and biochemical properties of Gram-negative 
bacteria isolated from urine, wounds, burn and abscesses samples 
collected from patients in Maternal and Omdurman hospitals 
 
Character Escherichia 
coli 
Enterobacter 
Clocae 
Proteus 
mirabilis 
Klebsiella 
pneumoniae 
Pseudomonas 
aeruginosa  
Shape Rod Rod Rod Rod Rod 
Motility Motile Motile Motile Non 
Motile 
Motile 
Oxidase + - - - + 
Catalase + + + + + 
O/F F F F F - 
Growth  on 
McConkey    
+ + + + + 
Simon's 
citrate 
+ + + - + 
Urease - + + + + 
Indole + - - - - 
Gelatin 
hydrolysis 
- - - - + 
H2Sproduction - - + - - 
MR(37co) + - + - - 
VP(37 co) - + - + - 
Acid form + + + + + 
Glucose  + + + + + 
Adenitol +(10/13) + +(1/2) +(2/3) +(10/11) 
Arabinose +(11/13) + + + +(9/11) 
Cellbiose +(11/13) + + + - 
Dulcitol +(10/13) - + -(1/3) -(10/11) 
Glycerol + + + +(1/3) + 
Inositol + +(1/2) - +(1/3) - 
Lactose + + - +(1/3) - 
Maltose + + - +(1/3) - 
Mannitol + + - + + 
Raffinose +(8/13) + - + - 
Rhamnose + + - + - 
Salicin +(7/13) + - + - 
Sorbitol + -(1/2) - - - 
Sucrose +(8/13) + + + - 
Trehalose + + + + + 
Xylose + + + + + 
Starch + + +(1/2) + - 
+ = Positive 
- = Negative  
F = Fermentative             
O = Oxidative   
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3.3.1.2 Chloramphenicol  
 Chloramphenicol had inhibitory effect on growth of many 
types strains examined. At minimum concenteration of 8  µg/ ml  
it inhibited the growth of Escherichia coli and Proteus mirabilis. 
However, the growth of Staphylococcus aureus , Pseudomonas 
aeruginosa and Klebsiella pneumuniae were not inhibited by 
any concenterations of chloramphenicol tested (Table, 5). 
3.3.1.3 Gentamicin: 
 Gentamicin had inhibitory effect on growth of many types 
strains examined in this study. Gentamicin inhibited at minimum 
concentration of 8µg/ ml     the growth of Staphylococcus 
aureus, Escherichia coli, Pseudomonas aeruginosa and 
Proteus mirabilis.However, the growth of Klebsiella pneumoniae 
was not inhibited by any concentrations of Gentamicin tested 
(Table, 5). 
3.3.1.4 Tetracycline: 
 Tetracycline had inhibitory effect on growth of many types 
strains. It inhibited at minimum concentration of 8  µg/ ml  the 
growth of Escherichia coli and it inhibited at minimum 
concentration of 16µg/ ml    the growth of Proteus mirabilis. 
However, the growth of Staphylococcus aureus, Pseudomonas 
aeruginosa and Klebsiella pneumoniae were not inhibited by 
any concentrations of Tetracycline tested (Table, 5). 
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Table (5): Sensitivity of some types strains to four concentrations of antibiotics determined by cup-plate techniques 
 
Ampicillin Gentamicin Chloramphenicol Tetracycline 
Type strains 
MIC Growth Inhibition zone MIC Growth Inhibition zone MIC Growth Inhibition zone MIC Growth Inhibition zone 
Staphylococcus aureus ATCC25932 64l R(-) 8  S(+ + + + +) 64  R(-) 64  R(-) 
Escherichia coli ATCC25922 8  S(+ + + + +) 8  S(+ + + +) 8  S(+ + + +) 8  S(+ + +) 
Pseudomonas aeruginosa ATCC27873 64  R(-) 8  S(+ + +) 64  R(-) 64  R(-) 
Klebsiella pneumoniae ATCC35657 64  R(-) 64  R(-) 64  R(-) 64  R(-) 
Proteus mirabilis ATCC35659 16  S(+ + + +) 8  S(+ + + +) 8  S(+ + + +) 16  S(+ + + +) 
 
MIC = Minimum Inhibitory Concentration   
R     = Resistance ( Mild growth) 
        S     = Sensitive (No growth) 
- = No growth inhibition zone      
+ =  0.5  
++ = 1 cm      
+++ =1.5 
++++ =2 
+++++ = 2.5 cm 
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3.3.2. Sensitivity of bacteria isolates to antibiotics :  
3.3.2.1 Ampicillin: 
 Ampicillin inhibited the growth of many isolated strains 
examined in this study. Ampicillin inhibited at minimum 
concentration of 8%  the growth of 7(30.43%) Staphylococcus 
aureus, 1(100%) Staphylococcus saprophyticus, 7(50%) 
Escherichia coli and 2(18.2%) Pseudomonas aeruginosa and 
inhibited at minimum concentration of 32µg/ ml    the growth of 
Klebsiella pneumoniae. However, the growth of Staphylococcus 
epidermidis, Proteus mirabilis and Enterobacter clocae were not 
inhibited by any concentrations of Ampicillin tested (Table, 6). 
3.3.2.2 Chloramphenicol: 
 Chloramphenicol inhibited the growth of many isolated 
strains examined in this study. Chloramphinicol inhibited at 
minimum concentration of 8µg/ ml    the growth of 8(34.18%) 
Staphylococcus aureus, 2(50%) Staphylococcus epidermidis, 
1(100%) Staphylococcus saprophyticus and 8(64.28%) 
Escherichia coli and 1(50%) Proteus mirabilis and inhibited at 
minimum concentration of 16 µg/ ml  growth of 1(33.3%) 
Klebsiella penumoniae. However, the growth of Pseudomonas 
aeruginosa and Enterobacter clocae were not inhibited by any 
concentrations of Chloramphenicol tested (Table, 6). 
3.3.2.3 Gentamicin: 
 Gentamicin inhibited the growth of many isolated strains 
examined in this study. Gentamicin inhibited at minimum 
concentration of 8µg/ ml  the growth 16(69.6%) Staphylococcus 
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aureus, 4(100%) Staphylococcus epidermidis, 1(100%) 
Staphylococcus saprophyticus, 12(85.71%) Escherichia coli, 
11(100%) Pseudomonas aeruginosa, 1(33.3%) Klebsiella 
pnemoniae and 2(100%) Proteus mirabilis (Table, 6). 
3.3.2.4 Tetracycline: 
 Tetracycline inhibited the growth of many isolated strains 
examined in this study. Tetracycline inhibited at minimum 
concentration  of 8  µg/ ml  the growth of 6(26.1%) 
Staphylococcus aureus, 3(21.42%) Escherichia coli and 
2(100%) Enterobacter clocae and inhibited at minimum 
concentration of 64µg/ ml    the growth of 2(18.2%) 
Pseudomonas aeruginosa. However, the growth of 
Staphylococcus epidermidis, Staphylococcus saprophyticus, 
Klebsiella pneumoniae and Proteus mirabilis were not inhibited 
by any concentrations of Tetracycline tested(Table, 6). 
3.4 In vitro antibacterial activity of honeybees: 
 Four different concentrations of Acacia nolitica  and 
Balanites aegyptiaca honey were examined to determine the 
minimum inhibitory concentration (MIC) on type strains and 
isolates obtained from urine, wound, burn and abscess samples 
by using cup-plate technique. 
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Table (6): Sensitivity of bacteria isolated from wounds, burn, abscesses  and urine samples collected from patients 
in Omdurman and Maternal hospitals to four concentrations of antibiotics determined by cup-plate techniques  
Ampicillin Chloramphenicol Gentamicin Tetracycline 
Bacterial isolates 
Number 
of isolates 
examined MIC 
Sensitive 
isolates 
(percentage) 
Inhibition 
zone 
diameter 
MIC 
Sensitive 
isolates 
(percentage)
Inhibition 
zone 
Diameter 
MIC 
Sensitive 
isolates 
(percentage)
Inhibition 
zone 
Diameter 
MIC 
Sensitive 
isolates 
(percentage) 
Inhibition 
zone 
Diameter 
Staphylococcus 
aureus  23 8  7(30.43%) 
4(+ + + + +) 
3(+ + + + ) 
16(-) 
8  8(34.18%) 8(++++) 15(-) 8  16(69.56%) 
10(++++) 
6(+++) 
7(-) 
8  6(26.1%) 
3(++++) 
3(+++) 
17(-) 
Staphylococcus 
epidermidis  4 64  0(00.00%) 4(-) 8  2(50%) 
2(++++) 
2(-) 8  4(100%) 4(++++) 64  0(00.00%) 4(-) 
Staphylococcus 
saprophyticus 1 8  1(100%) 1(+ + + + +)  8 1(100%) 1(++++) 8  1(100%) 1(++++) 64  0(00.00%) 1(-) 
Escherichia coli 
14 8  7(50%) 
4(+ + + +) 
3(+ + +) 
7(-) 
8  9(64.28%) 
5(++++) 
4(+++) 
5(-) 
8  12(85.71%) 12(++++) 2(-) 8  3(21.42%) 
3(+++) 
10(-) 
Pseudomonas 
aeurginosa  11 8  2(18.18%) 
2(+ + + +) 
9(-) 64  0(00.00%) 11(-) 8  11(100%) 
6(++++) 
5(+++) 64  2(18.18%) 
2(+++) 
9(-) 
Klebsiella 
pneumoniae 3 32  1(33.33%) 
1(+ + +) 
2(-) 16  1(33.33%) 
1(++++) 
2(-) 8  1(33.33%) 
1(++++) 
2(-) 64  0(00.00%) 3(-) 
Proteus mirabilis  2 64  0(00.00%) 2(-) 8  1(50%) 1(++++) 1(-) 8  2(100%) 2(++++) 64  0(00.00%) 2(-) 
Enterobacter clocae  2 64  0(00.00%) 2(-) 64  0(00.00%) .2(-) 8  2(100%) 2(++++) 8  2(100%) 2(+++) 
Total 60 64  18(30%)  64  22(36.66%)  64   49(81.66%)  64  13(21.66%)  
MIC = Minimum Inhibitory Concentration µg/ ml     
  - = No growth inhibition zone       
+ =  0.5 
++=1cm 
   +++=1.5cm 
   ++++=2cm                      +++++=2,5cm                             ++ = 2.5 cm
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3.4.1 Sensitivity of type strains to honey bees : 
3.4.1.1 Acacia nilotica honey: 
 Acacia nilotica honey had inhibitory effect on growth of 
many types strains examined in this study. Acacia nilotica 
honey inhibited at minimum concentrations of 8 %the growth of 
Staphylococcus aureus and it inhibited at minimum 
concentrations of 32% the growth of Escherichia coli, 
Pseudomanas aeruginosa, Klebsiella pneumoniae and Proteus 
mirabilis (Table, 7). 
3.4.1.2 Balanites aegyptiaca honey: 
 Balanites aegyptiaca honey had inhibitory effect on 
growth of many types strains examined in this study. Balanites 
aegyptiaca honey inhibited at minimum concentration of 8 %the        
growth of Staphylococcus aureus and it inhibited at minimum  
concentration 64%  the growth of Escherichia coli and Proteus 
mirabilis. However, the growth of Pseudomonas aeruginosa 
and Klebsiella pneumoniae was not inhibited by any 
concentration of Balanites aegyptiaca honey examined. 
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Table (7): The sensitivity of bacterial type strains to four concentrations of two types of honeybees determined by 
cup-plate techniques 
Sensitivity to Acacia nilotica honey (Inhibition zone diameter) at 
concentration: 
Sensitivity to Balanites aegyptiaca honey (Inhibition zone diameter) 
at concentration:  Type strains 
64% 32% 16% 8% 64% 32% 16% 8% 
Staphylococcus aureus  
ATCC25932 
S (+++++) S (+++++) S (++++) S (+++) S (++++) S (++++) S (+++) S (++) 
Escherichia coli  
ATCC25922 
S (++++) S (+++) R (-) R (-) S (+++) R (-) R (-) R (-) 
Pseudomonas 
aeruginosa  
ATCC27873 
S (++++) S (+++) R (-) R (-) R(-) R (-) R (-) R (-) 
Klebsiella pneumoniae  
ATCC35657 
S (++++) S (+++) R (-) R (-) R(-) R (-) R (-) R (-) 
Proteus mirabilis  
ATCC35659 
S (++++) S (+++) R (-) R (-) S(+++) R (-) R (-) R (-) 
- = No growth inhibition zone       
+ = 0.5 cm         
++ = 1 cm        
+++ = 1.5 cm 
++++ = 2 cm      +++++ = 2.5 cm 
R = Resistance ( mild growth) 
S = Sensitive ( no growth) 
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3.4.2 Sensitivity of bacteria isolates to honey bees : 
3.4.2.1 Acacia nilotica honey: 
 Acacia nilotica honey had inhibitory effect on growth of 
many isolates examined in this study. Acacia nilotica honey 
inhibited at minimum of concentration of  8% the growth of 
23(100%) Staphylococcus aureus, 4(100%) Staphylococcus 
epidermidis, 1(100%) Staphylococcus saprophyticus and it 
inhibited at minimum concentration of 32% the growth of 
9(64.22%) Escherichia coli, 6(54.54%) Pseudomonas 
aeruginosa, 2(66.66%) Klebsiella pneumoniae, 2(100%) 
Proteus mirabilis and 2(100%) Enterobacter clocae (Table, 8). 
3.4.2.2 Balanites aegyptiaca honey: 
 Balanites aegyptiaca honey had inhibitory effect on 
growth of many isolates examined in this study. Balanites 
aegyptiaca honey inhibited at minimum concentration of 8% the 
growth of 23(100%) Staphylococcus aureus, 4(100%) 
Staphylococcus epidermidis, 1(100%) Staphylococcus 
saprophyticus and it inhibited at minimum concentration of 64% 
of growth of 10(71.42%) Escherichia coli, 2(100%) Proteus 
mirabilis, 2(100%) Enterobacter clocae. However, the growth of 
Pseudomonas aeruginosa and Klebsiella pneumoniae were not 
inhibited by any concentrations of Balanites aegyptiaca honey 
examined (Table, 8). 
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Table (8): Sensitivity of bacteria isolated from urine , wounds ,burn and abscesses samples collected from 
patients in  Omdurman and Maternal hospitals to four concentrations of two types honeybees determined 
by cup- techniques  
Sensitivity to Acacia nilotica honey (inhibition zone) at concentration : Sensitivity to Balanites aegyptiaca honey (inhibition zone) at concentration : 
Bacteria species 
Number of 
isolates 
examined 
64%  32% 16% 8% 64% 32% 16% 8% 
Staphylococcus 
aureus  
23 
23(100%) 23(+++++) 23(100%) 23(+++++) 23(100%) 23(++++) 23(100%) 23(+++) 23(100%) 23(++++) 23(100%) 23(++++) 23(100%) 23(++++) 23(100%) 23(+++) 
Staphylococcus 
saprophyticus 
1 
1(100%) 1(+++++) 1(100%) 1(+++++) 1(100%) 1(++++) 1(100%) 1(++++) 1(100%) 1(++++) 1(100%) 1(++++) 1(100%) 1(+++) 1(100%) 1(++) 
Staphylococcus 
epidermidis 
4 
4(100%) 4(+++++) 4(100%) 4(+++++) 4(100%) 4(+++++) 4(100%) 4(+++) 4(100%) 4(++++) 4(100%) 4(++++) 4(100%) 4(+++) 4(100%) 4(+++) 
Escherichia coli 14 
14(100%) 14(++++) 9(64.28%) 9 (+++) 0 (00%) 14(-) 0(00%) 14(-) 10(71.42%) 10(+++) 
 
0(00%) 14(-) 
 
0(00%) 14(-) 0(00%) 14(-) 
Pseudomonas 
aeurginosa  
11 
11(100%) 11(++++) 6(54.54%) 6(+++) 0(00%) 11(-) 0(00%) 11(-) 
 
0(00%) 11(-) 
 
0(00%) 11(-) 
 
0(00%) 11(-) 
 
0(00%) 11(-) 
Klebsiella 
pneumoniae 
3 
3(100%) 3(++++) 2(66.66%) 2(+++) 0(00%) 3(-) 0(00%) 3(-) 
 
0(00%) 3(-) 
 
0(00%) 3(-) 
 
0(00%) 3(-) 
 
0(00%) 3(-) 
Proteus mirabilis  2 2(100%) 2(++++) 2(100%) 2(+++) 0(00%) 2(-) 0(00%) 2(-) 2(100%) 2(+++) 0(00%) 2(-) 0(00%) 2(-) 0(00%) 2(-) 
Enterobacter 
clocae  
2 
2(100%) 2(++++) 2(100%) 2(+++) 0(00%) 2(-) 0(00%) 2(-) 2(100%) 2(+++) 
0(00%) 
2(-) 
0(00%) 
2(-) 
0(00%) 
2(-) 
Total  60 60(100%)  60(100%)  28(46.66%)  28(46.66%)  42(70%)  28(46.66%)  28(46.66%)  28(46.66%)  
 
- = No growth inhibition zone       
+ = 0.5 cm 
++ = 1 cm 
+++ = 1.5 cm 
++++ = 2 cm 
+++++ = 2.5 cm 
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Table (9): Sensitivity of bacterial types strain to concentration (64%) of two honey types and four antibiotics determined by cup-plate 
techniques 
 Sensitivity (inhibition zone diameter) to 64% Concentration of: 
Types strain Ampicillin Chloramphenicol Gentamicin Tetracycline Acacia nilotica honey 
Balanites aegyptiaca 
honey 
Staphylococcus aureus 
ATCC25932 
R (-) R (-) S(+++++) R (-) S(+++++) S(++++) 
Escherichia coli  
ATCC25922 
S(+++++) S(+++++) S(+++++) S(+++++) S(++++) S(+++) 
Pseudomonas 
aeruginosa ATCC27873 
R (-) R (-) S(+++++) R (-) S(++++) R (-) 
Klebsiella pneumoniae  
ATCC35657 
R (-) R (-) R (-) R (-) S(++++) R (-) 
Proteus mirabilis  
ATCC35659 
S(+++++) S(++++) S(+++++) S(+++++) S(++++) S (+++) 
R = Resistance ( mild growth ) 
S = Sensitive ( no growth) 
- = No growth inhibition zone         
+ = 0.5 cm      
++ = 1 cm 
+++ = 1.5 cm 
++++ = 2 cm 
+++++ = 2.5 cm 
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Figure [3]: Sensitivity of bacterial types strain to concentration (64%) of two honey types  
and four antibiotics determined by cup-plate techniques 
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Table (10): Sensitivity of bacteria isolated from urine, burn, wounds and abscesses samples collected from patients 
in Omdurman and Maternal hospitals to 64% concentrations of two honey types and four antibiotics determined by 
cup-plate techniques 
  Number of isolates inhibited (percent) by 64% concentration of: 
Bacterial 
species 
Number of 
isolates 
examined 
Ampicillin Chloramphenicol Gentamicin Tetracycline 
Acacia 
nilotica 
honey 
Balanites 
aegyptiaca 
honey 
Staphylococcus 
aureus  23 
7(30.43%) 8(34.18%) 16(69.56%) 6(26.1%) 23(100%) 23(100%) 
Staphylococcus 
epidermidis 4 
0(00.00%) 2(50%) 4(100%) 0(00.00%) 4(100%) 4(100%) 
Staphylococcus 
saprophyticus 1 
1(100%) 1(100%) 1(100%) 0(00.00%) 1(100%) 1(100%) 
Escherichia coli 14 7(50%) 9(64.28%) 12(85.71%) 3(21.42%) 14(100%) 10(71.42%) 
Pseudomonas 
aeurginosa  11 
2(18.18%) 0(00.00%) 11(100%) 2(18.18%) 11(100%) 0(00.00%) 
Klebsiella 
pneumoniae 3 
1(33.33%) 1(33.33%) 1(33.33%) 0(00.00%) 3(100%) 0(00.00%) 
Proteus 
mirabilis  2 
0(00.00%) 1(50%) 2(100%) 0(00.00%) 2(100%) 2(100%) 
Enterobacter 
clocae  2 
0(00.00%) 0(00%) 2(100%) 2(100%) 2(100%) 2(100%) 
Total 60 18(30%) 22(36.66%) 49(81.66%) 13 (21.66%) 60(100%) 42(70%) 
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Antimicrobial 
agent Gentamicin Chloramphenicol Ampicillin Tetracycline Acacia nilotica honey Balanites aegyptiaca honey 
Sensitive 81.66 36.66 30 21.66 100 70 
Resistant 18.34 63.34 70 78.34 0 30 
 
Figure [4]: Sensitivity of bacteria isolated from  urine ,burn ,wounds and abscesses collected  from patients in 
Omdurman and Maternal hospitals to 64% concentrations of two types honey and four antibiotics determined by 
cup-plate techniques 
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Fig. [5]: Sensitivity of Gram-positive and Gram-negative bacteria type 
strains of Staphylococcus aureus and E.coli to four concentrations 8%, 
16%, 32%, 64%.Acacia nilotica honey  . 
A(10-A) = A type strain E. coli ATCC 25922. 
B(6-A) = A type strain Staphylococcus aureus ATCC 25923 
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16% 
8% 
A
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16%  
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B
  77 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. [6]: Sensitivity of Gram-positive and Gram-negative bacteria type 
strains of  Staphylococcus aureus and E.coli to four concentrations 8%, 
16%, 32%, 64%.Balanites aeyptiaca honey . 
A(10-B) = A type strain E. coli ATCC 25922. 
B(6-B) = A type strain Staphylococcus aureus ATCC 25923 
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32% 
16% 
8% 
A
8% 
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32% 
16% 
B
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Fig. [7]: Sensitivity of Gram-positive and Gram-negative bacteria type 
strains of  Staphylococcus aureus and E.coli to four concentrations 8µg/ 
ml    , 16µg/ ml    , 32µg/ ml    , 64µg/ ml      Gentamicin . 
A(10-S) = A type strain E. coli ATCC 25922. 
B(6-S) = A type strain  Staphylococcus aureus ATCC 25923 
64% 
32% 
16% 
8% 
A
64% 
8% 16% 
32% 
B
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CHAPTER FOUR 
        DISCUSSION 
 
 The present study was designed to study the potential anti-
bacterial activity of two types honeybees produced by Apis millifera 
Sudanese's on pathogens isolated from urine, wound, burn and 
abscess samples collected from patients in Maternal and 
Omdurman hospital. 
 In this study forty five samples (75%) revealed bacterial 
growth and the rest fifteen samples(25%) did not show any 
bacterial growth. These result showed that 75% of urinary tract 
infections in Maternal and Omdurman hospital were associated 
with bacteria, while 25% of these cases which were urinary tract 
infection (I0 cases) were caused by others causes which may be 
viral or fungal or parasitic or other factors. 
 This study showed that low isolation rate from urine samples 
and only ten samples(40%) demonstrated bacterial growth, this 
can be attributed to many factors. Many samples might have been 
taken from subjects on antibiotics regimen, which result in 
antibiotic residues in the urine as kidney are one of the routes of 
excretion of the drug from the body (Aiello et al., 1998). 
 Species of bacteria isolated from urine samples in this study 
were mainly enterobacteria, constituting 52%. This is percentage is 
lower than the 72% obtained by Hussein (2002), Ibrahim (1999) 
who reported enterobacteria as 77.9% of his total isolates and El 
Sheikh (2004) who isolated  enterobacteria as 67.9% of his total 
isolates. However, Mohammed (2003) found enterobacteria in 
males constituting only 20%. The high percentage of 
enterobacteria in the urine of females compared with that of males 
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may be due to faecal contaminations because of the shortness of 
the urethra in female which makes them prone to faecal 
contamination. 
 Escherichia coli constituted 36% of the total isolates in this 
study and this lower than that of Hussein (2002) who found E. coli 
constituted 52% of the isolates, Ibrahim (1994) who found E. coli 
represented 45.4% of his total isolates  from urine   of patients 
living in urban and rural areas and different from El -Sheikh (2004) 
findings which showed  E. coli constituted 42.9% of total isolates 
from pregnant women. 
 Klebsiella pneumoniae and Proteus mirabilis isolation rate in 
this study was low as they constituted 4% for both isolates. 
Hussein (2002) isolated Klebsiella pneumoniae and Proteus 
mirabilis from urine and they constituted 16% and 4% respectively. 
On other hand, Ibrahim (1994) isolated these species from 15.3% 
and 6.8% of urine samples examined. Mohammed (2003) isolation 
of Klebsiella pneumoniae and Proteus mirabilis represented 8.3% 
and 16.6% of the isolates from urine of males. El Sheikh (2004) 
isolated these  two species from 3.6% and 7.1% of pregnant 
women urine samples. 
 Enterobacter species were isolated from 8% of samples in 
this study. Ibrahim (1994) isolated Enterobacter species from 2.4% 
of his samples. Whereas Mohammed (2003) found Enterobacter 
species in  8.3% of the urine samples examined. Hussein (2002) 
did not isolate Enterobacter species from urine of diabetic females. 
However, El Sheikh (2004) reported the isolation of Enterobacter 
species from 14.3% of pregnant woman urine samples collected in 
Maternal and Omdurman hospital. 
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 Staphylococci constituted 8% of the isolates in this study. 
This finding is almost similar to that of Ibrahim (1994) who reported 
the isolation of 14.2% from urine but lower than that of  Hussein 
(2002) who reported the isolation of 24% out of the total bacteria 
isolated from urine samples of diabetic females and El Sheikh 
(2004) who reported 25% isolation of total isolates However, 
Mohammed (2003) reported higher isolation which constituted 
73% of the total isolates from urine of males.  
        Thus , it can be concluded from the findings of this study and 
previous ones( Ibrahim , 1994:Hussien  , 2002 :Mohammed  , 2003 
and ELsheikh , 2004 ) ,E.coli , k .pneumoniae , P.mirabilis , 
Enterobacter clocae and Staphylococcus species are main 
bacterial pathogens associated with the urinary tract infections in 
Sudan. 
        Species of bacteria isolates from wound swabs in this study 
were mainly enterobacteria, constituting 66.66%. which is slightly 
higher than the  58.33% obtained by Wadi (1986) and lower than 
89.7% reported by Rastegarlari et al. (2005). 
 Pseudomonas aeruginosa constituted 60% of the total 
wound isolates in this study and constituted 58.33% of  total 
isolates (Wadi, 1986).  However, Rastegerlari et al. (2005) 
reported higher isolation of 73.1% out of the total isolates. 
 The isolation of Staphylococcus species of 40% out of the 
total wound isolates in this study was lower than 41.66%  reported 
by Wadi (1986) but higher  than 10.3% reported by Rastegarlari et 
al. (2005). 
 Klebsiella pneumoniae and Escherichia coli were isolated 
from wound in this study  were  disagree with Wadi (1986) who did 
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not demonstrate isolation of Klebsiella pneumoniae or E. coli from  
wound. However,  Rastegarlari et al. (2005) reported higher 
isolation  of these pathogens which constituted 16.6% of his total 
isolates.  
In this study the isolation rate of enterobacteria from burn 
was 60%. This is lower than the 69.89% obtained by Kabinde et al. 
(2004). 
  The isolation of Pseudomonas aeruginosa 40% in this study 
from burn  is similar to that obtained by Kabinde et al. (2004) who 
reported isolation of 34.4% Pseudomonas aeruginosa of total 
isolates from burn infections. 
       Staphylococcus aureus, Staphylococcus saprophyticus,  
Escherchia coli, Klebsiella pneumoniae, and Proteus mirabilis 
were isolated from burn in this study and this agree with Kabinde 
et al. (2004)  findings. 
 From findings in this study, it can be concluded that 
Pseudomonas aeruginosa and Staphylococcus aureus are the 
most common encountered contaminants of wound and burn in 
hospitals and this agree with Wadi (1986), Kabinde et al. (2004) 
and  Rastegarlari et al. (2005). 
 Staphylococcus aureus was isolated from all breast 
abscesses samples collected in Omdurman hospital thus, it can be 
concluded that Staphylococcus aureus is the most common 
pathogens of breast abscesses in female and this agree with 
Brook et al. (1995). 
 In the present investigation 25% of collected samples 
showed the presence of mixed bacterial infections. These results 
revealed that 25% of urinary tract, wound and burn infections in 
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Maternal and Omdurman hospital were caused by more than one 
pathogenic bacterium. 
 The minimum inhibitory concentration of Gentamicin, to type 
strains of Staphylococcus aureus was 8µg/ ml      while 
Chloramphenicol, Ampicillin and Tetracycline were not effective 
against  Staphylococcus aureus. This study agree with Andrews 
(2001) who reported  that Cholramphenicol, Ampicillin and 
Tetracycline resistance . 
        In this study the minimum inhibitory concentration of 
Gentamicin, Chloramphenicol, Ampicillin and Tetracycline to type 
strains Escherichia coli was 8µg/ ml      concentration and this 
different to Andrews (2001) who determined the minimum 
inhibitory concentration of Gentamicin, Chloramphenicol, Ampicillin 
and Tetracycline 0.05µg/ ml    , 4µg/ ml    , 4  µg/ ml    and 2 µg/ ml    
respectively. These results were lower  than this study due to use 
low dilutions. 
 The minimum inhibitory concentration of Gentamicin, to type  
strains Pseudomonas aeruginosa  was 8 µg/ ml    concentration 
while Chloramphenicol, Ampicillin and Tetracyclinewere not 
effective is different from Andrews (2001) who reported that 
(MIC)of Gentamicin, Ampicillin and Tetracycline were 1µg/ ml    , 
>128 µg/ ml    and > 128 µg/ ml    while Chloramphenicol  was not 
effective . 
 Klebsiella pneumoniae was resistant to four antibiotics 
examined while  Proteus  mirabilis was inhibited by Ampicilin, 
Chloramphenicol, Tetracycline and Gentamicin at 16µg/ ml    , 8 
µg/ ml    , 16µg/ ml    and 8µg/ ml      concentration. However, the 
sensitivity of two species were not reported by Andrew (2001). 
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 And the variation of the minimum inhibitory concentrations of 
antibiotics of the present study compared with the previous similar 
studies highlights that manufacturer company, different growth rate 
of pathogens, nutrition requirements, temperature, inoculum's size 
and the test techniques itself and vast dilutions range were used. 
 The results of this investigation illustrate that all type 
strain examined were sensitive to Acacia nilotica while Balanites 
aegyptiaca honey was not effective against Pseudomonas 
aeruginosa and Klebsiella pneumoniae type strains . This indicates 
Acacia nilotica  honey could be superior antibacterial when 
compared with Balanites aegyptiaca honey. 
 The results of antibiotics sensitivity testing of the isolates of 
in this study to different antibiotics showed that 81.66% of the 
isolates were sensitive to Gentamicin, while Chloramphenicol, 
Ampicillin and Tetracycline were poorly effective as 36.66%, 30%, 
21.66% of isolates were sensitive to them respectively. 
 These results illustrate that Gentamicin could be considered 
the drug of choice for treatment as most of isolated bacteria 
(81.71%) were sensitive to it. The results of the present study 
agree with Wadi (1986); Farouk et al. (1988) and El Sheikh, (2004) 
who reported that the Gentamicin could be the drug of choice for 
treatment of bacterial infections.  
 The response  of different isolates found in this study to four 
concentration of Acacia nilotica honey and Balanites aegyptiaca 
honey were varied. It was found that 64% concentration of Acacia 
nilotica honey was most effective concentration when compared 
with the other three concentrations as 100% of the isolates were 
sensitive to it while 81.66% and 46.66% and 46.66% of the 
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isolates were sensitive to 32%, 16% and 8% concentrations 
respectively. 
           The results of the present investigation demonstrate 
both  A.nilotica and B.aegyptiaca  honey had  antibacterial activity 
against many type strains and bacteria isolated from patients in 
Odurman and Maternal hospitals . This antibacterial activity may 
be attributed to pH .The pH of undiluted    Acacia nilotica, 
Balanites aegyptiaca were 4.6, 5.4 respectively which is low 
enough to be inhibitory to many pathogens; the pH for growth of 
these pathogens normally falls between 7.2 and 7.4. 
       The antibacterial may also be attributed to other factor 
reported  by  previous studies such as Molan et al.(1992),Noori 
(2004) and Hazir et al. (2002) 
 On the other hand the four concentrations of Balanites 
aegyptiaca honey less effective when compared with A.nilotica  
honey as the growth of bacterial isolates as inhibited were as 70%, 
4.66%, 46.66% and 46.66% of by 64%, 32%, 16% and 8% 
concentration respectively. 
The present study has shown that Klebsiella pneumoniae and 
Pseudomonas aeruginosa were resistant to "Balanites aegyptiaca" 
honey at concentration 64% this agree with Nzeako et al.( 2000) 
and Effem et al. (1993) who found bacterial resistance to some 
honey. 
 The difference in antimicrobial effect of these two types of 
honey might be due to variation of nectars resources.Long time 
ago, Aristotle,350, B.C. and Dioscoridec, 50, A.D. recommended 
that honey collected  in specific regions and season (and 
therefore, presumably from different floral resources) should be 
used for treatment of particular ailments  (Molan et al.,1992). 
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The present study agree with the modern investigations 
which revealed variations factors depend on nectars resources 
(Prica, 1938; Kristov et al., 1961; Linder, 1962; Cavanagh et al., 
1970; Wadi, 1986; Farouk et al., 1988; Molan, 1992; Cooper, 
1999; Nzeako et al., 2000; Hazir et al., 2002; Andargarchew et al., 
2004).    These factors can be related to different floral sources 
(Russel et al., 1990, National Health  Board, 1994)  
 Studies on Acacia nilotica honey produced by honeybees 
(Apis millifera) have shown that honey has antimicrobial activity 
against types strains Staphylococcus aureus ATCC25932, 
Escherichia coli ATCC25922, Klebsiella pneumoniae 35657, 
Pseudomonas aeruginosa ATCC27873 and Proteus mirabilis of 
minimum inhibition concentrations 8%, 32%, 32%, 32% and 32% 
respectively. Therefore, Acacia nilotica honey have shown 
antimicrobial activity against isolates strains Staphylococcus 
species, Escherichia coli, Pseudomonas aeruginosa, Klebsiella 
pneumonae, Proteus mirabilis and Enterobacter clocae of 
minimum inhibition concentrations 8%, 32%, 32%, 32%, 32% and 
32% respectively by cup-plate techniques on Mueller Hinton agar 
with inoculum (106/CFU). 
It is apparent from this study the degree of inhibition of two 
honey samples by cup-plate technique was more pronounced 
against Staphylococcus species. This in line with known sensitivity 
of Staphylococcus species to antimicrobial agents (Cruick et al., 
1975; Pratt, 1977). 
 In the present study the  gram-negative bacterial was much 
less sensitive to honey than gram-positive bacterial. This 
agreement with Ismaiel (1975),  Wadi (1986) and Farouk et al. 
(1988) findings. They reported that, honey was more effective 
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against gram-positive organisms than gram negative bacteria. This 
may be attributed to the relatively low sensitivity of gram-negative 
bacteria  to antimicrobial agents (Hugo et al., 1980).  
In Ethiopia study by Mogossie (1994) reported that "Tazma 
mar" honey produced by sting-less bee (Apis mellipodae) was 
effective against some food borne pathogens  . The minimum 
inhibitory concentrations for Escherichia coli and Staphylococcus 
aureus were 10% and 20% respectively. In the present study, the 
minimum concentration of honey that inhibited the growth of 
Escherichia coli and Staphylococcus aureus  were 32% and 8% 
respectively. This might be due to the difference of bees or 
difference techniques or size of inoculum  . 
 Another study in Pakistan,  Nzeako et al. (2000) reported 
that Black forest honey was found to be effective against types 
strains Staphylococcus aureus ATCC25923, Escherichia coli 
ATCC25922 and Pseudomonas aeruginosa 27853 at minimum 
inhibitory concentration of 40%, 50%, and 50% respectively. in the 
present study Staphylococcus aureus ATCC25923, Escherichia 
coli ATCC25922 and Pseudomonas aeruginosa 27853 inhibited at 
8%, 32% and 32% respectively.    This difference of MIC is 
probably  due to nectars resource or difference of techniques or 
inoculum's size . 
 In Turkey reported Hazir et al. ( 2002) showed that "Rize-
Anzer" honey was effective against isolated strains of 
Staphylococcus aureus, Escherichia coli and Klebsiella 
pneumoniae at minimum inhibition concentration of 10%, 40% and 
40% respectively. These minimum inhibitory concentrations were 
slightly higher than the present study which illustrated that MIC of 
Staphylococcus aureus, Escherichia coli and Klebsiella 
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pneumoniae were 8%, 32% and 32% respectively. This might be 
due to difference of nectars resource or inoculum's size  or 
technique as they used agar dilution techniques  . 
 Molan et al. (2000) demonstrated "Manuka" honey when 
examined by agar dilution on inoculum's size (1x104 CFU)  
Staphylococcus aureus Methicilin resistance, Pseudomonas 
aeruginosa, Escherichia coli and Proteus mirabilis was effective 
MIC of 1.8%, 7.3%, 6% and 6.3% respectively. This is highly lower 
than the present study which showed MIC of 8% 32%, 32% and 
32% was effective against  Staphylococcus aureus, Pseudomonas 
aeruginosa, Escherichia coli and Proteus mirabilis  at respectively. 
This variation  may be due to the difference of the nectar source or 
difference of inoculum's size or difference of technique . 
              Acacia nilotica honey inhibited the growth of 100% of the                       
isolates examined, Balanites aegyptiaca honey 70%, Gentamicin 
81.66% Chloramphenicol 36.66%, Ampicillin 30% and Tetracycline 
21.6%. This results indicates that Acacia nilotica honey is more 
effective than Gentamicin, Chloramphenicol, Ampicillin and 
Tetracycline for treatment of bacterial pathogens in Omudrman & 
Maternal hospitals.
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Conclusions & Recommendations 
 
 
Conclusions: 
It can be concluded that: 
1- Form the finding of this study, it can be concluded that 
Escherichia coli is prime cause of urinary tract infections in 
women, in Omdurman Maternal hospital.  
2- Pseudomonas aeruginosa and Staphylococcus aureus were 
the most common contaminants of wound and burn infections. 
3- Breast abscesses were commonly associated with 
Staphylococcus aureus infections. 
4- Gentamicin is the antibiotics of choice as most of the isolated 
bacteria (81.66%) were sensitive to it. 
5- Acacia nilotica honey is the most effective antibacterial agent 
as it inhibited the growth of all the isolated bacteria. While 
Balanites aegyptica honey was less effective as it inhibited the 
growth of 70% of the isolates. 
6- Klebsiella pneumoniae and Pseudomonas aeruginosa types 
strains showed resistance to Balanites aegyptiaca honey. 
7- The gram-negative bacteria was less sensitive to two honey 
types than the gram-positive bacteria. 
8- The variation in the antimicrobial potential of two honey types 
examined in the present study may be due to different nectars 
source and different pH. 
9- This investigation revealed that Acacia nilotica honey is more 
effective than the examined antibiotic thus, honey could be 
appropriate therapeutic alternative to conventional commonly 
used antibiotics.  
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Recommendations: 
 
1- Phytochemical screening of Acacia nilotica and Balanites 
aegyptiaca should be carried out to identify their active 
ingredients. 
2- Different varieties of honey bee are recommended to be tested   
against various microbial infections and diseases. 
3- Other investigations are required to determine allergic and 
toxicity of locally produced honey bees. 
4- Treatment trials to cure abscesses, wounds and burn infections 
by honey bee application are recommended and should be 
compared with conventional antibiotics.  
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